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Poultry science is one of the newest of the agricultural sciences, although 
poultry keeping has been practiced for centuries. It is of interest to a great 
many people because poultry is produced on more than 78 per cent of all 
farms in the United States and is surpassed only by meat animals and dairy 
products as a source of farm income. 

A great mass of poultry information has been published in recent years. 
As may be expected in any new science, some of it is based on sound experi- 
mental data, some is conflicting, and some is purely hypothetical. 

The purpose of this book is to give what appears to be at the present time 
the practical factual information on general poultry production. It includes 
breeding, incubation, brooding, housing, feeding, disease, marketing, and 
poultry farm management. 

The subject matter has been prepared as a general college poultry course 
and also as a reference book for students of vocational agriculture, for poul- 
trymen, and for general farmers. 

References, mostly recent ones, have been listed at the end of each chapter. 
They are typical of the references used as sources of information in the text- 
book and may be used for additional information. 

A number of review questions are listed at the end of each chapter. It is 
hoped that these questions may stimulate thought and be helpful in studying 
the poultry industry. 

Special credit is due James Hamilton for the preparation of the chapter 
on game bird production. 

The authors greatly appreciate the courtesies extended by various organiza- 
tions and individuals in permitting the use of illustrations and tables. Oedit 
has been given in all such cases. 


A. R. Winter 
E M. Funk 
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The Poultry Industry 


Introduction 

Definition of poultry. The term “poultr}'” is used to designate those 
species of birds which render man an economic service and reprt^uce freely 
under his care. It includes chickens, turkeys, ducks, geese, swans, guineas, 
pigeons, peafowl, pheasants, and ostriches, and refers to them whether alive 
or dressed. 

Relation of poultry to other animals. There are about 600,000 species of 
animals in the world, including 10,000 species of birds. They are classified 
according to structure. 

The most highly developed animals (Fig. 1) are mammals, which include 
man and farm animals, and aves or birds. M amm als are distinguished by the 
presence of hair and mammary glands. Birds are distinguished by the cover- 
ing of feathers. 

Poultry science. Poultry science is the study of principles and practices 
involved in the production and marketing of poultry and poultry products. 
It includes breeding, incubation, brooding, housing, feeding, disease, market- 
ing, and poultry-farm management. 

The study of the great numbers of birds not classed as poultry is orni- 
thology. The science of all animal life is zoology. 

Importance of the Poultry Industry 

Source of farm income. Probably more persons are directly interested in 
poultry produaion than in any other single agricultural enterprise. More 
than 78 per cent of all farms in Ae United States reported poultry in 1950. 

Poultry ranked fourth in cash income among agricultural commodities in 
the United States during the period 1952 (Fig. 2). 

Source of food supply. Poultry eggs and meat are used chiefly as human 
food. 

Eggs are exceeded only by milk in food value (Table 1). They are a good 
source of proteins, minerals, and vitamins. Eggs are palatable, easily digested, 
and can be used in a great variety of appetizing ways (Fig. 3). They serve 
as binders and leavening agents in baking and furnish "richness” in icings. 
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sauces, candies, custards, icc aeam, etc The annual p>er capita consumption 
oi eggs in the United States in 1951 was 39?. 

Poultry meat is supplied chiefly by chickens, turkeys, ducks, geese, and 
guinea fowls. The percentage of edible meat obtained from poultry compares 
fasorably with that obtained from other kinds of livestock (Table 2). Poul- 
try meat is probably the most pabtablc of all the meats and is easily digested. 
It is served in a great variety of ways such as fried, roasted, or stewed, and in 
combination with other foodstuffs as in salads, sandwiches, sauces, soups, etc 
(Fig. 4). The annual per capiu consumption of poultry meat in the United 
States in 1951 w-as ab^t 34 pounds. 
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Billion dollars 


Cattle ond calves 
Dairy products 
Poui^ products 
Hogs 

Cotton products 
Food grains 
Vegetables 
Feed grains and hay 
Fruits and tree nuts 
Oil-bearing crops 
Tobacco 
Sheep products 
Sugar crops 



Fig. 2. THe cosh vaiue ol leading ogricullwfol producii ^952. (Agr. Slat., 1953, Table 707.) 


Table 1 


COMPOSITION OF EGGS AND MILK (1 LB. AS PURCHASED) ^ 


Nutrient 




Hm 

Energy (calories) 

655 

227 

1640 

309 

Protein (grams) 

51.7 

49 

74 

15.9 

Fat (grams) 

46.5 


144.8 

17.7 

Total carbohydrates (grams) 

2.8 

3.6 

3.2 

22.2 

Calcium (milligrams) 

218 

27 

667 

536 

Phosphorus (milligrams) 

848 

77 

2660 

422 

Iron (milligrams) 

10.9 

0.9 

32.7 

0.3 

Vitamin A (International units) . 

4590 


14590 

720 

Thiamine (miUlgrams) 

.39 


1.24 

.16 

Riboflavin (milligrams) 

M7 

1.17 

1.58 

.78 

Niacin (milligrams) 

0.3 

0.5 

Trace 

.5 

Ascorbic acid (milligrams). 



0 

6.0 

Refuse (per cent) 

11.0 


0 



^ U. S. Dept, of Agr. Agr. Hndbk. No. 8, 1950- 


Table 2 


THE PER CENT OF EDIBLE MEAT OBTAINED FROM DIFFERENT 
CLASSES OF LIVESTOCK AS PURCHASED • 


Meat Animal 

Dre«!ng Shrinkage 

Read), for Cooking 1 
Inedible Material I 

Edible \{atenal 


20.50 

3.75 

75.75 


28.24 i 

9.52 

62.24 


29.60 

10.30 

60.01 


30.30 

15.90 

53.80 



* Vernon, 1924. 







Industrial uses of poultry products. Poultry products are used exten- 
sively in industries (Table 3). 

Eggs aie used m the prepaiaoon of culmic media for the growth of some 
species of baaena. 


Fig. 4. Poultry meat may new be purchased by the piece, cooVed, and In selods, loups, etc. 

Fertile eggs are used in the preparation of vaccines (Fig. 5). 

Inedible eggs are used in the preparation of animal foods and fertilizers. 

Bgg whites are used in the manufacture of pharmaceuticals, paints, var- 
nishes, adhesives, and printer's ink. They are also used in photography, book- 
binding, wine clarification, tanning leather, and in textile dyeing. 

Egg yolks are used in the manufacture of soap, paints, and shampoos. They 
are also used in finishing leather and in bookbinding. 

Eggshells are used in mineral mixtures and for fertilizers. 

Feathers are used in the making of millinery goods, pillows, cushions, mat- 
tresses, dusters, insulation material, animal feed, and fertilizer. 

Endocrine glands are used in the preparation of biological products. 

Use in research work. Chickens are being used extensively in biological 
research work because they are cheap and readily available, reproduce freely, 
have a sensitive metabolism, and ate good laboratory animals (Ftg. 6) . Many 
of the findings made widi chickens in the interest of pure science may be ap- 
plied in a practical way for improving poultry produaion. 

Development of the Pottltry Indttstry 

Early development. The poultry industry was brought to America from 
Europe by the earliest settlers. Small home fiocks were started at the time of 
the establishment of the first permanent homes at Jamestown in 1607. They 
consisted of a few chickens which vrere kept to supply the home needs for 
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Tahled 

USES EOR EGGS IN THE UNITED STATES. ESTIMATES FOR 1946* 



USEIMMIIIWM 



eggs and meat, -fte Indians bought ot stole birds from the early settlers and 
poultiy-ktepmg became common among them during Colonial days. 

As villages and towns were establUhed, the nearby home flilts were 

in ^ete sold ot exchanged for 

poceties m the nmrby towns. Gram production and the develooment of 
ir^^ttation facilities encouraged the production of poultry wmt of the 
Allegheny Mountain dte early parr of the uinereenS ce^mry f^e t 
U b. D A Agnoiltiifal Sutbtics. I 947 . 









CQtllTKT III LlUT AKS CO. 

FSg. 5. Eggi boing vied (or th« prodvc^ion o( vouine. 

velopment of refrigeration facilities and artificial methods of incubation and 
brooding were further stimuli for poultry production in the latter part of the 
century. 

Development in recent years. Farms on which the chief source of income 
is from poultry began to appear early in the present century. The discovery of 
vitamins and their use in poultry feeding about 1925 revolutionized the 
poultry industry. Their use has made it possible to raise birds in confinement 
and at all seasons of the year. Recently, specialized poultry farms have been 
developed. These include egg, breeding, broiler, pullet rearing, turkey, and 
duck farms. 

Growth of the poultry industry has been more rapid than the increase in 
population or the production of the brger farm animals (Fig. 7). These 
changes are typical of those that have taken place in older civilized countries. 
As population increases, more cereals and small fruits and vegetables are 
produced and smaller animals, including poultry, replace many of the larger 
farm animals. Egg produaion per capita has more than doubled during the 
last fift}' years in spite of the faa that the population has increased two and 
one-half times during the same period. Most of the increased egg production 
has been consumed in our own countr)’. A better appreciation of the nutri- 
tional value of eggs, better market facilities, and better qualit)’ of eggs have 
created a greater demand for eggs. 



The Present Poultry Industry 

World distribution. The United States has about one-thitd of all the 
chickens and turkeys in the world (Table 4) and only about 6 per cent of the 
people. 

Distribution in the United States. The country is ustully divided into 
geographical regions for statistical reports (Table 5 and Fig. 9). 

The North Central states have about 47 per cent of the chicken layers and 
29 per cent of the people according to 1952 estunates of population and chick- 
ens on farms January 1. General (arm flocks predominate in the territory. 
There is a surplus of poultry products in most states in the territory. 

The North Atlantic states have about 17 per cent of the layers and 26 per 
cent of the people. There is a large shortage of poultry products in the ter- 
ritory. It provides a good market for nearby poultry and for the surplus 
products from the Nonh Central states. Many large specialized poultry farms 
ate found in North Atlantic states. 

The South Atlantic states have about 11 per cent of the layers and 14 per 
cent of the population. This is a deficit area for eggs. SmaU farm flocks are 
common in the South Atlantic states. 

Tie South Coutrd states have about 18 pet cent of the layers and 17 per 
cent of the population. Pan of the states in the tenitoty have a stnplus of 
ploy products while others do n™ We enough to meet local needs SmaU 
farm nocks are common in the bourn Central states 

Tie Wettetu state, have about 10 pet cent of the poultry and 11 pet cent 



Table 4 


WORLD DISTRIBUTION OF PEOPLE, CHICKENS, AND EGGS IN 1952 OR NEAR- 
EST YEAR FOR WHICH DATA WERE AVAILABLE 


Countries 

Population • 
(Thousands) 

1 Chicbena t ; 
' (Thousaodal 

Per 

E«s5 

(M^ons) 

Per 

Person 

Norlb America 







14,430 

42.717 

3.73 

4101 

264 


156.981 

449.925 

2.86 

60985 

388 


26.922 






15.469 

58.500 

US 

5320 

59 

Dominicaa Republic, .. 

2.236 





Panama 

841 





Europe 







6.949 

8.200 

1.18 

785 

113 


8,706 

15,000 

1.72 

2030 

233 

Denmark 

4.334 

23.411 

5.40 

1963 

454 


4.140 





France 

42.600 

70.000 

1.64 

7000 

164 

Germany (Weit). 

48.478 

50.676 

1.01 

5300 

109 


7.776 

10.010 

128 

490 

63 


2.948 

16.287 

5.52 

972 1 

329 

Italy 

46.865 



5550 ! 

116 

Luxembourg 

302 

403 

1.33 

34 

112 

Netherlandt.. 

10.377 

1 15.816 

1.52 

2570 

247 


3.327 



392 

117 


8,549 

' 12.500 

1.46 



* Sweden 

7.I2S 

11.091 

1.55 

1370 1 

192 

Switzerland 

4.815 

6.260 

1.30 

518 

107 

United Kingdom 

50.429 

90,422 

1.79 

6300 

125 

YngotlaTta 

16.729 

18.340 

109 

945 

56 

* Spain 






Alia 






Lebanon 

L320 



65 

49 

Syria 

3.381 



95 

28 

Turkey 

21.983 

21,700 

.987 

980 

45 


1 463.500 






85.500 

30.273 

.354 

4676 

55 


367.000 

65.600 

178 



Philippine Rep 

20.631 

32.090 

ISS 

950 

46 

Pakiitan 

J 75.842 





South America 






Argentina 

18.056 

60.000 

3.32 

3000 

166 

Brazil 

54.477 

61.500 

1.12 

3730 

63 

Chile 

5.932 



650 

109 

Paraguay 

1.464 

3.120 

213 



Ptni 






Uruguay 

52.353 





Africa 







21.425 



520 

24 

French Morocco 

8.054 





U. South Africa 

12.912 1 



955 

74 

Fr. West Africa 

517463 1 





Oceania 






Auitralia 

8.649 i 



1230 


New Zealand 

1.995 



185 



* United Nitioni S«creiaH>t Scati>tie«I Yearbook 1953. 
t U. S. D. A. Foreijn Agne. FPE l-S'l. 1954. 
i 1951 SutiiUM. 
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Number 



of the people. There is a shonage of poultry prtxiucts in the territory. The 
West Coast states have turned from surplus egg-producing states before 
World War II to an egg shortage area since the war. The poultry population 
b small in the Rodty Mountain states. There are many large specialized poul- 
try farms in the W«c Coast states. 

The leading poultry states from the standpoint of the number of eggs 
produced in 1953 (Table 5) were Iowa, California, Pennsylvania, Minnesota, 
Illinois, Indiana, Ohio, Texas, New Jersey, and Missouri. 

Imports and exports. The United States is normally neither a large ex- 
porter nor importer of poultry products (Table 6). Some dried eggs were 
imported from China before World War IL During the war period there was 



Table 5 

POULTRY PRODUCTS PRODUCED IN 1954 * 
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Fig. 8. Farm value of poultry praducti pr^ 
duced in 1933. (U. S. D. A. Poultry ortd Egg 
Situation. 19S4.) 


considerable expansion 
dried egg business in the United 
States. In recent years, the United 
States has exported egg produas 
to European countries, Mexico, 
Cuba and South America. Small 
amounts of poultry and eggs have 
been imported from Canada. 

Relative importance of dif- 
ferent species of poultry’. Chick- 
ens constitute more than 90 per 
cent of all poultry raised (Table 
7 and Fig. 8). The income from 
chicken eggs is more than that 
from all types of poultry meat 
production- The produaion of 
broilers and turkeys has increased 
rapidly during the last fifteen years. 


Table 6 

EXPORTS AKD IMPORTS OF POULTRY PRODUCTS 


mo 

Million Doien 
5.7 

1920 

26.8 

1930 

18.7 

1940 

4.7 

1948 

132 6 

1952 

60.0 


Million Doun Million Poundt Million Pounds 
3.3 
50.1 

*0.7 3.3 2.8 

6.7 l.g 2.0 

2-t 9.5 42.S 

80 16.0 3.0 


Table 7 

PRODUCTION OF PRINCIPAL SPECIES OF POULTRY IN THE UNITED STATES 
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Fig. 9. Regional egg production, 1953— excesses and deficits. (U. 5. D. A. Poultry and Egg 
Situation, PES — 170, 19Si.) 


The Future of the Poultry Industry 

The poultry industry, as it is known today, is one of the newer branches of 
agriculture. It has grown rapidly during the last thirty years. As a result of 
these factors, many of the present-day poultry practices are not based on 
tested scientific facts. Some of them will undoubtedly be changed when 
science has had a chance to check the methods in use. The industry is not 
greatly influenced by foreign markets because there is a national balance be- 
tween production and consumption. 

The future of the poultry industry will depend largely on how economically 
poultry meat and eggs are produced. 

Consumption problems. The consumption of poultry produas is far 
from the saturation point (Table 8). The average annual per capita con- 
sumption of eggs in the United States in 1934 was 287, and in 1949 it was 
374. The estimated yearly per capita consumption of eggs in rural communi- 
ties is probably about double what it is in cities. Dieticians recommend an 
egg a day in liberal diets. 

Consumption of poultry products has b«n hindered by a lack of education 
regarding their food value, very little advertising, difficulty of securing good 
products in cities, and the relatively high price of poultry meat and eggs. The 
economic status of people has a marked influence on the consumption of 
poultry products. Urban people, W’ho can afford to spend enough money for 
an adequate diet, eat more than twice as much poultry products as those who 
ha\’e ver)’ little money to spend for food. 

Egg-production possibilities. The average annual produaion per bird 
has been doubled during the past fifty )'ears. This has been accomplished 
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Fig. 10. United Statet average annual egg production per layer. (U. S. D. A., National Plan.) 

through better breeding, feeding, and management (Fig. 10). Even now, the 
average annual egg production is only about 110 eggs. Well-fed and well- 
managed flocks average about 150 eggs per bird per year. If the flocks ate 
also well-bred, they average 200 eggs or more per bird. Some birds produce 
more than 300 eggs per year. Better knowledge of breeding, feeding, and 
management will result in still better egg production and lower the cost of 
poultry production. 

Hatchability problems. The estimated hatchability of all eggs set is about 
68 per cent. In other words, about 32 eggs out of every 100 set are lost as a 
result of infertility or embryo mortality. Some hatches are obtained with 90 
per cent or better hatchability. Better knowledge of breeding, management of 
breeders, and incubation w'ill undoubtedly reduce hatching losses. 

The problem of feed cost in poultry production. A hundred Leghorn 
hens require about nineteen pounds of feed per day for maintenance. For 
every ten eggs they lay, approximately one extra pound of feed is required. 
Therefore, the higher the production obtained, the less feed requir^ per 
dozen of eggs. 

A pound of poultry meat can be produ^ with nvo or rh/ee pounds 
of feed fed, if rapid grow'th is obtained. The slower the race of growth, the 
greater the amount of feed required per pound of gain. 

Better knowledge of poultry physiology, nutrition, and management prac- 
tice will result in better rations, better growth and production, lower feed 
costs, and cheaper poultry. 

Mortality problems. The mortality of chickens during the growing period 
ranges from less than 5 per cent to more than 50 per cent. The average is 
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about 25 per cent. As breeding stock, incubation, and brooding metho^ 
have been improved, mortality during the growing period has been reduced. 
There is still an opportunity to greatly reduce the average mortality. 

Annual mortality among layers ranges from less than 10 per cent to more 
than 20 per cent. The average is about 13 per cent. It will be impossible to 
keep down the cost of poultry production unless losses due to poultry diseases 
can be checked. Control measures have been found for pullorum, bronchitis, 
and fowl pox. It is believed that a better knowledge of poultry diseases and 
management faaors will result in fewer losses from leucosis, oviduct uoubles, 
parasites, and other troublesome diseases. 

Marketing problems. Eggs ate perishable, and many of them are pro- 
duced hundreds of miles from the point of consumption. There is also a 
shortage of eggs produced in the fall and a surplus in the spring. They are 
produced in small numbers on many farms. These factors present numerous 
marketing problems. Some of them are being solved through better manage- 
ment of Rodcs and care of eggs on farms, by better iransporrarion and refisg- 
eration facilities, and by new marketing methods, such as providing frozen 
eggs. The inaease in the use of bakery and other prepared foods ^ords a 
good market for frozen and dried eggs. 

Methods of marketing poultry meat are changing. Commercial broiler 
production and the sale of sexed chicks are resulting in a smaller surplus of 
cockerels in the summer. The sale of refrigerated dressed poultry is being re- 
placed by drawn, fast-frozen poultry that is ready for the oven. 

Many birds are culled from flocks and sold because of the eff’ects of disease. 
This praaice lowers the quality of market poultry. More of the poultry needs 
to be processed under more sanitary conditions, inspeaed for wholesomeness, 
and graded for quality in order to secure greater consumption. 

A knowledge of economics and changing farm and marketing practices 
is needed in order to predia the course that should be followed in future 
poultry production. 


REVIEW QUESTIONS 

1. Why is general information regarding the poultry industry discussed before 
starung wi* specific phases of poultry production, such as breeds or 
breeding? 

2. What are the chief distinguishing chacaaetistics which separate poultiy 
from other farm animals and from other birds? 

3. How dore ponltcy raising compare with other branches of aericnlmre as a 

source of farm income? ° 

4. List the ways in which eggs may be used as a food. 

5. In what ways are eggs used in industries? 

6. Why chickens increasing in popularity as laboratory animals? 

7. Ust the pnnapal factors responsible for the development of the poultry 

indust^ to Its present position in the United States ^ ^ 

8. Describe the world disuibuoon of poultry. 

Um,S“smes?’‘”‘“°° ‘™“° distributed in the 




Fig. 11. The Seventh World'* Poultry Congress, held In Cleveland, Ohio, in 1939, with an 
attendance of more than 800,000, Top left, port of the exhibit buildings. Top right, viewing 
one of the nutrition exhibits. Center, the Japan exhibit, Bottom, port of the U. S. O. A. 
exhibit. 
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10. List two reasons why the norcheastern stares provide the best market for 
poultry products. 

11. G>tnpare the exports and imports of poultry products- 

12. Why do this and other general poultry textbooks devote more space to the 
study of chickens than to all the other species of poultry combined? 

13. Which has shown the greatest relative increase in relation to population: 
chickens on farms, dair}’ cows, or meat animals? 

14. Have the production and consumption of poultry products about reached 
the saturation point in the United States? Give reasons for your answer. 

15. list the major problems facing the poultry industr)' of the future. 
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CHAPTER 2 

Classes, Breeds, and Varieties 
of Chickens 


The Origin of the Chicken 

The exact ancestry of the chicken is obscured by the antiquity of its origin. 
For more than 5,000 years the domesticated fowl has been one of man's bene- 
factors. It is improbable that all the present-day varieties sprang from a com- 
mon origin. The habits of the varieties in the Asiatic class indicate an an- 
cestry which roosted on the ground and nested on a mound of earth. Such 
breeds as the Leghorns probably had tree-roosting ancestors. Authorities agree 
quite generally that the red jungle fowl, Callus bankiva (Fig. 12), was one 
of the ancestors. Wild chickens of the Callus genus are still found in the 
jungles of southeastern Asia. More recent investigations suggest that at least 
four species of the jungle fowl may have contributed to the development of 
the domestic fowl. These four species are the Callus bankiva (red), sonnerati 
(gray), lafayetii (red and yellow), and varius (green). These may be ac- 
cepted as the ancestors of the varieties which belong in the classes other than 
the Asiatic class. The ancestor of the Brahmas, Cochins, and Langshans was 
likely the Aseel or Malay fowl, which was domesticated in Asia more than 
3,000 years ago. 


Development of the Modern Breeds and Varieties 
of Chickens 

There is a great biological difference between the two-pound jungle hen 
which laid only a few eggs and the modern hen which lays 300 eggs or a 
present-day thirteen-pound Jersey Giant. How has such progress been made? 
Heredity has been the force which nature and man have used to direct the 
development of the domesticated fowl. Fortunately there has been much 
variation so that man and nature could make selection. Natural selection both 
before and after domestication developed a mote vigorous bird. 

Cockfighting. Early references to cockfighting suggest that this w'as once 
one of the principal uses of the male of the species. This sport (Fig. 13) 
accelerated the law of the survival of the fittest and did much to develop the 
vigor and vitality of the species. It also served the very useful purpose of 
21 
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giving wider distribution to the domestic fowl as cockfighting spread through- 
out the world. 

Meat production. If the meat of the chicken had not possessed such de- 
licious edible qualities, it is not likely that the so-called meat and general- 
purpose breeds would have been developed. However, man soon learned the 
value of the chicken as a source of food and he selected the larger and better- 
fleshed birds so that his meat supply might be increased. This type of selec- 
tion increased the size of certain breeds. Many people are of the opinion that 
the meat qualities of the domestic fowl have been negleaed in the twentieth 
century since egg produaion has been so much emphasized. 

Exhibition qualities. The "Golden Eta” of the fancier was from 1870 to 
1920 when he reigned almost supreme. The trap nest had not yet caused the 
worship of egg records; fancy feathers and body form remained the goal of 
ever)’ true breeder. These breeders, by breeding for uniform type and definite 
color patterns, did much to establish the Standard breeds and varieties. Many 
beautiful color panerns were developed and excellent type birds were 'estab- 
lished. While in some cases vitality may have been lowered at the expense of 



COUITCIT t. HA9AI, 


F2g. 13. A cockfight. 

exhibition quality, the exhibition breeders made very definite and important 
contributions to the development of the chicken. 

Egg production. The invention of the trap nest and the discovery of the 
laws of itihecitance, together with their application to poultry breeding, were 
major contributions to the development of high-producing strains of poultry. 
The trap nest was a practical device for determining the number of eggs the 
individual bird would lay; and those eggs could be identified, and such char- 
acteristics as size, shape, color, and interior quality could be determined. Poul- 
try breeders are today applying the laws of heredity to their breeding problems 
and using the trap nest to identify their breeding stock. 

T^he Afnerican Poultry Association 

The American Poultry Association, organized at Buffalo, New* York, in 
1873, has for its objeaive the proteaion and promotion of the Standard-bred 
poulcT)’ industry. The association issues die American Standard of Perfeaion, 
w’hich describes the respective varieties, breeds, and classes of poultry which 
are recognized as Standard-bred (Chart 1, Appendix). 

The association has the responsibility of recognizing new breeds and vari- 
eties of poultry. Breeds or varieties which the association considers obsolete 
are dropped from the list of Standard-bred poultr)'. The association issues 
licenses to judges who pass the examinations as given by the Committee on 
Licensing Judges and Flock Inspectors. These examinations consist of a welt- 
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are authorized to officiate as judges m poultry shoves. 

Standard Classification 

Breeas and varieties admitted to the Standard must possess distinctive tyj^ 
and color patterns (p. 626) and be sponsored by at least five members ol the 
association who are aaive breeders of the variety. , , u 

The term class is used generally to designate groups of Standard breeds 
which have been de%-eloped in certain regions; thus, the class names—Amer- 
ican, English, Asiatic, etc. The distinciUc breed differences arc pnmariJy 
those of body shape and size. The color pattern (Fig. 14) and shaj^ 

(Fig. 15) distinguish the different varieties. Varieties in the same breed may 
have an entirely different ancestry. For example, the Barred Plymouth RocB 
• originated from the CTOssing of a hawk-colored cock (probably a Dorm- 
nimie) with Black Cochin hens, with possibly some Spanish and Dorking 
blood added later, while the Buff Plymouth Rocks were scleaed in 18S9 
from red fowls in the vicinity of Westpon, Massachusetts. A strain, as de- 
fined in poultry genetics, is chicken-breeding stock bearing a given name 
and produced by a breeder through at least five generations of closed-fiock 
breeding. 


American Class 

The breeds and varieties in ihb class were developed by American breeders 
to serve the general purpose of supplying both meat and eggs. All varieties 
in this class possess certain common charaaeristics; for example, they have 
yellow skin, nonfeatheted shanks, and red earlobes, and all lay brown-shelled 
eggs except the Lamonas, which lay white-shelled eggs. The chart on page 
626 lists the varieties and breeds in this class and gives their more important 
charaaeristics. These breeds and varieties have proved their value, and today 
they are widely distributed in other countries as well as the United States and 
Canada. 

Plymouth Rocks. The oldest and, until recent years, the most popular 
variety of this breed was the Barred Plymouth Ro^ which originated in 
Conneaicut from a Dominique-Black Cochin aoss made in 1865. It created 
quite a sensation when exhibited in 1869 and became thereafter a very pop- 
ular variety. It was admitted to the first Standard published in 1874. The 
Barred and White varieties are the two most popular varieties of this breed. 
In recent years there has been an mcrcasing demand for White Plymouth 
Rock chicks for broiler produaion. The sex-linked inheritance of barring, re- 
sulting in Ughtet males than females, has complicated the breeding of the 
Barred variety to a single standard for males and females. 

Wyaodottes. The oldest variety of this breed is the Silver-Laced (Fig. 17) , 
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Fig. 14. Feather potterns of the domestic fowl. The above feolher* are from the following 
varieties: 1, Buff laced Polish; 2, Vi/hile>laced Red Cornish; 2, Silver-leced Wyandotte; 4, Co- 
lumbion varieties: 5. Golden.loced Wyandotte; 6. Blue varieties; 7, Golden Sebright Bontom; 
8, Dark Cornish; 9, Partridge varieties; 10, Sitver.Pendled varieties; 11, Ancona or Mottled 
Houdan; 12, Speckled Sussex; 13, Silver-Spongled Hamburg; 14, GoMen^Spangled Homburg: 
15, Dark-Barred Plymouth Rock; 16, Buttercup; 17, Silver Campine, 18, Dominique; 19, Golden* 
Penciled Homburg; 20, Silver-Penciled Homburg; 21, light-Barred Plymouth Rock. 



Fig. 15. Mole heodi »Sowinfl diRereni type* ol eonb*. 1, Single; 2, Pea; 3, Peo; 4 , Rosef 
5, Single; 6, Single; 7, V-ihoped; 8, Ro»e; 9, Strawberry. 

which was admitted to the Standard in 1883. There is some uncertainty as to 
the origin of this variety, but in 1870 John P. Ray of Hemlock, New York, 
crossed Silver Seabrights (large laced fowls) with the Asiatic Qiittagongs. It 
is also reported that some strains of Silver-Laced Wyandottes originated by 
crossing I>ark Biahmas with Hamburgs and White Cochins. The other vari- 
eties of this breed and the order of their admittance to the Standard are 
Golden-Uced (1888), Buff (1893), Black (1893) , Paittidge (1901), Sil- 
ver-Penciled (1902), White (1SK)3), and Columbian (1905). 

The Wyandottes have had waves of popularity in America. Today the 
White variety is the most popular Wyandotte. While it has been handicapped 
by small-egg size and relatively poor hatching results, this variety is now 
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Fig. 16. Nomenclotvre chart of th« male chicken. 

being bred by breeders who are correcting these defects; and excellent White 
Wyandottes are available for poultry raisers w'ho prefer this variety. 

Rhode Island Reds. The Rhode Island Reds were not developed by the 
fancier but were developed by the farmers of the Little Compton district of 
Rhode Isbnd. The original aosses were red Malay Games and reddish-colored 
Shanghais, followed by the introduaion of the blood of many other breeds, 
such as the Brown Leghorn, Cornish, and Wyandotte. The Single-Comb Reds 
were admitted to the Standard in 1SK)4 and the Rose-Comb variety in 1905. 
•The early development of this breed for utilit)* purposes. Later it became 
a fancier’s fowl as well. Too much emphasis on color, in some cases, has been 



rig. 17. Som* br«*di e( lh« Amvrkon Clou. Top left, SiNcr-lectd Wyondottet. Top right, 
$lt>gl«.CoRib Rhode Itlond Redt. Center. White Plymouth RoeVt. Bottom, New Hompthirc*. 

at ibc expense of utilitarian qualities. Some of the production breeders of 
Rhode Island Reds base neglected color m their breeding stock so that state 
inspectors supcrsismg breeding work under the National Poultr)- Improse- 
mcm Plan art confronied with tidier tejeaing flocks of this breeding or clas- 
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sifying them as of some other breed. The goal of Rhode Island Red breeders 
should be high-producing birds which have definitely the type and color 
which distinguish this breed. 

Rhode Island Whites. The Rhode Island Whites were developed from a 
mating of White Wyandotte cockerels and Partridge Cochin hens. The off- 
spring were crossed with Partridge Cochin males and the pullets from this 
aoss were mated to a Rose-Comb White Leghorn male. The progeny were 
then interbred, and selection was made for the Rhode Island White characters. 
They established some remarkable egg records in egg-laying contests and be- 
came a popular variety. Their popularity has waned, and today relatively few 
poultry raisers keep this breed. 

Single-Comb Rhode Island Whites are also raised by some poultrymen but 
they have failed to gain Standard recognition because of their close resem- 
blance to the White Plymouth Rock. 

White Americans. This new breed was developed by crossing Dutch 
White Barnvelders with Rhode Island Reds. The breed is white and has a 
single comb and yellow skin. It is raised for meat and egg production. The 
eggs are brown. The standard wei^t of the cock is 9 pounds and the hen 
weighs 6.5 pounds. 

New Hampshires. This breed developed from the Rhode Island Red 
stock which was introduced into New Hampshire from Rhode Island and 
Massachusetts. For more than twenty-five years the poultrymen of New 
Hampshire selected their Reds for such production qualities as early maturity, 
early feathering, large-egg size, and good meat type, apparently omitting color 
of plumage from consideration. There resulted fowls possessing distinaive 
characteristics. Their color pattern was lighter than that of exhibition Rhode 
Island Reds but not unlike some strains of Reds in which the breeders have 
emphasized egg produaion and let color “take care of itself.” 

Two or more strains of New Hampshires have been developed: a broiler 
or meat strain; an egg strain; and a combination of the two to give a genera! 
purpose New Hampshire possessing both broiler requirements and high egg 
production. 

Other breeds. The other breeds and varieties in the American class 
have not been generally adopted by the public, and therefore few flocks of 
these varieties are found on farms in the United States. These breeds are 
the Dominiques, Javas (Black and Mottled), Chantecler (White and Par- 
tridge), Jersey Black Giants, Jersey White Giants, and Lamonas. 

Poultry breeders contribute more to the poultry industry by improving 
the productive qualities of existing breeds than by developing new breeds. 
Too many inferior breeds are recognized as pure breeds. 

Mediterranean Class 

This class contains those breeds which had their origin near the Medi- 
terranean Sea — namely, Leghorns (Italy), Minorcas (Minorca Island), 
Spanish (Spain), Blue Andalusians (Andalusia, Spain), Anconas (Italy), 
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and Buttercups (Sicily). The breeds in this class ure characterized by vWte 
earlobes, relatively large combs, nonbroodmess, early manirity, 
position, and production of white-shelled eggs. A list of all the breeds a 
varieties in this class is given in Chart 1, Appendix. _ 

Leghorns. This breed (Fig. 18) U popular in America. The popularity or 
this breed tests upon its reputation as an egg producer. While there m 
thirteen Standard varieties of Leghorns, those which have gained pubUc 
favor are the White, Brown, and Buff. 

Minorcas. Five varieties of Mioorcas are found in the United State^ 
namely. Black (Single* and Rose-Comb), White (Single- and Rose-Comb), 
and the Single-Comb Buff. 

Anconas. Since the Standard description of the type of this breed does 
not differ from that of the Leghorn, it appears that the Anconas might ver)' 
well have been called mottled Legboitis. The breeders of Anconas have not 
been active in developing their ability as producers of eggs, and as a result 
the White Leghorn breeders have supplied the demand for high-producing 
birds which lay large eggs, and the Anconas have gradually decreased in 
popularity. 

Other breeds. The ocher breeds in this class are the White-Faced Black 
Spanish, Blue Andalusians, and Buttercups. These breeds have not gained the 
favor of the American farmers or poultrymen because other breeds posses- 
sing similar characteristics and producing white-shelled eggs have been more 
efficient producers of eggs whi^ satisfy American market requirements. 


English Class 


The breeds of English origin include the Orpingtons, ODrnish, Australorps, 
Dorkings, Sussex, and Redcaps. They all have white skin except the Cornish, 
which has yellow skin. The breeds in this rla«L«! have red earlobes and all ex- 
cept the Dorkings and Redcaps lay brown-shelled eggs. They possess good 
meat quality but some markets prefer poultry with yellow skin and therefore 
discriminate against these white-skinned breeds. The Cornish are poor 
layers, but they possess excellent meat type, having particularly well-developed 
breasts. 


Orpingtons. The Orpington name came from the tow-n of Orpington in 
Kent County, England, the home of William Cook, who developed Black 
Orpingtons. Of the four varieties— Buff, White, Blue, and Black — the Buff 
Orpington (Fig. 19) is the only variety which has widespread distribution 
in the United States, but its popularity has declined in recent years. The Buff 
Orpingtons were very likely develop^ from the Lincolnshire Buffs, which 
v.-ere produced by crossing Dorkings and Buff Cochins. Some flocks of White 
Orpingtons are found in the United States, but the Black Orpington and the 
Blue Orpmpon are rarely found in this country. The Orpingtons resemble 
the Plyrnouth Rocks in type but are slightly larger. 

Standard describes three varieties of Cornish. 
Duk, Whitt, and Whiic-Uctd Rtd. The CornUh. formerly crllerl rhe Cornish 
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F5g. \i. Some breeds of ibe Medilerroncorr Close. Top, Sfogle-Comb Aneonos. Cenler, 
Single-Comb Black Mlnorcos. Bottom, Single-Comb White Leghorns. 


Indian Game, are very closely feathered and have unusually compaa bodies. 
The Dark Cornish are raised in the United States, but they have not held the 
esteem of the American poultryman or farmer. The popularity of this variet)’ 
appears to be waning, and unless there should be a definite revival of interest 
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in .helt meat quality, fetter Datk CornUh tt-ill likely be raised in the United 
States in the fututc. They may find a place in crossbreeding to tmptovc meat 

''"Sking. Tlie Standatd tccogniacs three varieties: Silver-Gray, White, and 
Coloted. Columella, a Roman agticnlniral writer of the first century A^, no 
doubt refetred to the ancestot of the Dorking fowl when he stated: ™5e 
arc believed to be the best btced that have five toes." Tlie Silvet-Gtay Dork- 
ing is the only variety of this breed which has found even a limited 
of admitets in Ametica. The Dorkings have red earlobes but lay white-shelled 

Sussex. Of the three Standard varieties— Speckled, Red, and Light— only 
the Speckled Sussex has met with favor in the United States, and of this 
variety there are only a few breeders. The Sussex arc splendid meat birds and 
have been prized as market poultry in England for the past two hundred ycar^ 
Tlie Light Sussex is the most popular variety of this breed in Canada and 
England. 

Australorps. This breed, as its name indicates, is an Australian Orpington. 
The Black Orpingtons which were taken to Australia were there bred into a 
very productive fowl and established at one time the world’s annual egg 
record in an eggdaying contest. Some very high*producmg Australorps were 
imported into the United States and good flcKks of this brcM were established 
here. Black Austtalorp cockerels are in demand for crossing with White 
Leghorns to produce \^ite Australorps. 

Redcaps. This breed is seldom found in the United States. It apparently 
has only a limited following in England. The Redcaps produce eggs with 
white shells. 


Astatic Class 

The breeds of Asiatic origin have made valuable contributions to the blood 
lines of breeds in the American and English classes. Apparently the descend- 
ants of the jungle fowl and the Malay fowl were not interbred until they 
reached England and America in the nineteenth century. The large breeds im- 
ported into these countries from China and India evidently possessed plenty 
of size, stamina, and egg-laying ability. This stock made valuable contributions 
in the development of the American breeds and in this manner rendered the 
poultry industry of America a distinct service. However, their popularity as 
pure breeds has gradually decreased. At the World's Poultry Congress held 
in Cleveland, Ohio, in 1939, several specimens of this class were displayed. 
The beautiful type and color patterns which these specimens showed im- 
pressed observers with the beauty of a real fancier’s fowl. 

Brahmas. 'Hus breed (Fig. 20) came originally from the Brahmaputra 
disuict of India The Gray Chittagongs stiU found in this part of India are 
quite similar to the modern Brahma. The first specimens imported to Amef- 
ia m 184S and Engknd in 1853 were Ught in color. The varieties Light and 
Dark were developed m America and England and were admitted to ihe first 
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Cochins. When first imported to America about 1847, the fowls which 
later came to be known as Cochins were called Shanghais. Their popular!^ 
was greatly enhanced in England by the interest manifested by Queen Victoria 
in exhibiting them at the Royal Dublin Society Show in April, 1846. They 
are reported to have created the "hen fever” and started the chicken fancy 
in Am erica. The original importations were various shades of buff color and 
were said to be the first buff-colored fowls seen in England and America. 
The other Standard varieties — ^Partridge, White, and Black— are reported to 
have arisen by the seleaion and breeding of "off-colored” specimens which 
came from the early Cochin matings. It is more logical to assume that some 
outside blood was introduced to produce these varieties. 

The popularity of the Cochins waned when the public discovered that 
they were pewr producers and very broody. This is an example of whar im* 
proper breeding can do to destroy a breed. If the breeders had bred for non- 
bloodiness and egg production instead of concentrating effort on profuse and 
loose feathering, this breed, which had an auspicious beginning, might have 
remained one of the popular breeds of America. 

Langshans. The Black Langshan was taken to England from China in 
1872 and was imported to the United States from England. This breed was 
found in the Langshan district of nonhern China north of the Yangtsre Kiang 
River. The White Langshans probably arose as a sport from the Blacks. 
Though excellent flocks of Langshans were found a few years ago, their 
popularity has also declined. Artificial standards for the long-legged type 
injured their economic quality and contributed to their present unpopulM- 
ity. 


Other Standard Classes 


The American Standard of Perfeaion describes several classes of chickens 
which have but little economic importance in the United States. Many of the 
breeds in these classes ate of interest to fanciers only, while others are popu- 
lar breeds in their homelands. 


Polish class. The "Paduan” fowl which was described in Italy as early as 
1600 possessed characteristics quite similar to the Polish breed. The Polish 
(Fig. 21) ate crested and have an unusual skull structure. This peculiar skull 
formation suggests a crested jungle fowl ancestry. The Polish in the United 
States are a fancier’s fowl. 

Hatnbutg class. The Hamburgs originated in Holland. When first intro- 
duced into England and America they were popular with the fanciers, and at 
one of the early Boston shows three hundred specimens of this bre^ were 
^ibited. They remain a fancier’s fowl and therefore are of little economic 
impotunce to the poultry industry of the United States. 

French cl^. “^e French breeds and varieties described in the American 
Sundardare Houdans (Mottled and White), aevecoeurs (Black), LaFleche 
of b'Kds ore noted for ,he quality 

of theit meat. The Houdaiis are sometanes found in the show room in the 
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Ffg. 20. Breeds ef the Aiiotic Clast. Top, Block longshons. Center, Buff Cochins. Bottom, 
Light Brahmas. 

United States but the other breeds are rarely seen even in these poultry ex- 
hibitions. 

• Continental class. The American Poultry Association recognizes only the 
Campines (Silver and Golden) and the lakenvelders. These fowls have been 
bred in Belgium and Germany for several centuries. The modern Campine 
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is reported to be half Camptne and half Braekel. Though similar to the 
Leghorn in many respects, this breed has not been popular in AroerK^ 

Game and Game Bantam class. The modern Game fowl is an exhibiti^ 
bird and is raised for ornamental puff^. Though cockfighting is outlawed 
in the United States, the sport remains one of the gambler’s devices for 
stimulating betting; and it is said that outside the law the sport flourishes 
in some communities. The English Pit Game is used for this purpose. 

Oriental As the class name and the names of these breeds (Sumatra 
and bfalay) indicate, they come from southeastern Asia. The Cubalaya was 
developed in Cuba. 

Ornamental Bantams. The Bantams are excellent pets for children and 
ideal for the true fancier who desires to try his hand at shaping the type and 
arranging the color designs of his chosen variety. 


Non-Standard Breeds and Varieties 


While there ate a great many varieties of chickens which have not been 
admitted to the American Standard, only those which have attracted the 
public because of some peculiar charaaer or their economic possibilities 
will be dkcussed here. 

Jersey White Giants. This variety b at present in the process of forma- 
tion. These birds axe similar in siae anid shape to the Jersey Black Giants. Their 
greenish shanks have caused cnarket difficulties b^use the green pigment 
sometimes appears on the edible portions of the bird. This condition con- 
fuses the public as well as the market men, who discriminate against such 
birds because they believe thb condition is evidence of brubmg and subse- 
quent decomposition. 

White Australorp. Thb breed b similar to the Standard Black Australorp 
except for color. 

Delaware (Indian River).' Thb breed was developed from sports or 
"off-colored" chicks that occurred in the crossing of Barred Rock cockerek 
with New Hampshire hens. The sports selected had white bodies with barred 
hackle primar)- and secondary wing feathers and tail feathers. They were 
progeny tested for homozygosity and were selected for yellow legs, light 
undercolor, rapid grossth, and good feathering. 

The pure cockerel of thb breed may be mated with a New Hampshire or 
a Rhode bland Red female, and the offspring wiU all be marked with white 
body feathers and barred bbek tail, wing tips, and hackles. The cock weighs 
8.5 ^nds the hen 6.5 pounds. Thb breed b frequently used for broiler 
pr^ucti^ beca^ o its rapid gro^-th, white body feathers, and yellow skin. 

Yokohama This long-tailed Japanese breed is of interest beafise of the 
^usual tail des-elopment The sickle feathers sometimes attain a length of 
trom hiteen to rwenty feet. ® 

1914 from South America, U often 
Xt and lays eggs with blue shells 

(but olie n coniammg some btow-n or ted pigment). 


• Eeteetl, .deuueJ u . brod of the Aoeticti Oi,,. 
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Fig. 21, Som« breed* of ibe Con?mentot Eirropeon classes. Upper left. Silver Campinet. 
Upper right, Si(ver>Spangled Hoitiburgs. tower left. Mottled Houdon*. lower right. White- 
Creited Block Polish. 

Naked-necked fowl. This breed, erroneously referred to as the "Turken,” 
has a bare neck. It should be noted that to date ( 1950) all fertile eggs pro- 
duced by crossing chickens and turkey’s at experiment stations have failed 
to hatch. 
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Crossbred poultry. In recent years the crossing of purebred breeds of 
chickens has received considerable attention by both poultrymen and farmers. 
(Chapters 5 and 6.) Some of the more common crosses used are Cornish 
with New Hampshires, Black Australotps with mite Leghorns, and White 
Leghorns with Rhode Island Reds. 


Choosing a Variety to Raise 

That there is a great diversity of opinion as to the best variety of poultry 
to raise is evidenced by the 189 varieties which the American Poultry As- 
sociation recognized in its 1953 Standard. Each variety has its advocates. The 
Bantams surely have a place as pecs, the Games and Game Bantams are the 
fanciers’ creation, the breeds in the Mediterranean class are preferred be- 
cause of their heavy produaion of large white-shelled eggs, and the breeds of 
the English class and the American class are good producers of eggs and 
meat. Each color pattern has its champions. The beginrrer will do well to 
observe the successful poultryman or breeder and start with some of the 
same stock. Many beginners have permitted some minor and probably fancy 
point to influence their selection of a variety which later caused the failure 
of their poultry enterprise. 

Poultry producers have in recent years become more discriminating in 
their seleaion of varieties of poultry to raise. They are paying more attention 
to the productivity of the stock they purchase and placing less emphasis 
on color of feathers and other minor characters. This trend is shown in 
Table 9. 

Results in official egg-laying contests. The reports from the official egg- 
laying contests should be of help to persons seleaing a variety to raise. Table 
10 presents a summary of the egg production for varieties having 100 or mote 
entries in the official egg-laying contests of the United States in 1947-48. 

Table 9 


BREED DISTRIBUTION IN HATCHERY SUPPLY FLOCKS IN THE NATIONAL 
POULTRY IMPROVEMENT PLAN ^ 


1941-42 


Number of tmea cooperating 
Number of birds under supervision. 

New Hampshire 

\\Tiiie Leghorn 

UTiiteRock. 

Barred Rock ... 

Rhode Island Red 
White Wyandotte 
Cross Mated 
Ineross Mated 
Other. 


* U. S. D. A. Ag. Res. Service, ARS 53-2, 1954 


33 

10.712,027 
17.1 per cent 
26.3 
18.6 
15.8 


47 

36,027,365 
25.4 per cent 
18.9 
23.1 
2.2 
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Table 10 


PRODUCTION SUMMARY OF ENTRIES WITH 100 OR MORE BIRDS IN U. S, 
OFFICIAL EGG LAYING TESTS FOR 1953-54 


Breed 

No. of 
Birds 

Huhts 

Pea- 

Bird 

Bird 

Per Cent 
Mortality 

Oz. Per Doz. 

Incrossbred 

273 

! 250.5 

245.1 

8.1 

24.44 

Rhode Island Red 

1,223 

246.7 

235.6 

8.8 

24.94 

S. C. White Leghorn 

4,16Q 

237.3 

228.2 

13.5 1 

24.79 

Crossbred 

1,079 

235.5 

226.0 

12.4 

24.84 

Barred Plymouth Rock. . . . 

338 

228.6 

221.0 i 

16.3 j 

24.69 

New Hampshire 

507 

216.5 

20S.6 ! 

9.1 1 

24.75 

White Plymouth Rock. . . . 

338 

202.4 

194.4 

16.2 

24.82 

Black Australorp 

143 

201.9 

199.3 

13.3 

24.25 


It is evident from these results that only a few varieties remain popular and 
most produaive. 

U. S. Record of Performance summaries. The United States Depart- 
ment of Agriculture has in recent years issued an annual summary giving the 
results of records made on the breeders premises under ujSJt.O.P. supervision. 
This information should also be quite helpful to the beginner looking for a 
variety of chickens to raise. Table 11 gives the results reponed for 1952-53 
and indicates wide differences in egg production of the more common vari- 
eties. 

The poultry raiser should selea the most productive strains for his poultry 

Table 11 


U. S. RECORD OF PERFORMANCE PARTICIPATION BY BREED AND VARIETY, 

1952-53 


Bkecd 


ElTTKEb 

USROP 

(No.) 

Qualifies 

1 Av. Ecc Peod. 
or Flocks 

(No.) 

1 Per Cent j 

Trapped 
300 day* 
(Per Cent) 

Trapped 
36S days 
(No.) 

Single Comb White Leghorn. . 

94 

72,001 

42,786 

59.4 

59.2 1 

199 

New Hampshire 

43 

; 21,549 

9,333 

' 43.3 

53.3 

177 

White Plymouth Rock 

29 

11,407 

5,440 

47.7 : 

51.9 

176 

Single-Comb Rhode Island Red. 

27 

17,449 

8,958 

51.3 i 

58.4 , 

202 

Barred Plymouth Rock 

14 

6,732 

3,730 

55.4 

54.7 i 

192 

Black Australorp 

3 

602 

3W 

50.5 


152 

Black Langshan 

1 

26 

4 

15.4 


133 

Black Leghorn 

I 






S. C. Brown Leghorn 

1 

59 

5 

8.5 ' 

25.2 ' 


Buff Orpington 

1 


11 , 

34.4 , 


154 

Buff Plymouth Rock 

1 

185 

9 

4.9 1 


101 

Delaware 

1 

215 

35 ' 

16.3 ' 


141 

Jersey White Giant 

W. Wyandotte 

1 

7 1 



44.7 


1 

260 1 

97 1 

1 

49.1 


Total 

218 

130,524 

70,712 1 


mm 

189 
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enterprise The broiler grower needs a bird rhat is efficient in producing 
poultry meat at an early age, whereas the general farmer very likely wants 
a general-purpose breed that lays weU. 'Hiose who specialize in egg produc- 
tion prefer the high egg-producing strains. 

Vxhibition Judging of Poultry 

The judging of poultry for exhibition quality, though not emphasized as 
much as it was ns’enty-five years ago, is important and should be understoou 
by students interested in poultry. Alffiough the emphasis has been shifted 
to utility and the demand for fancy feathers has decreased, breed type and 
the more fundamental exhibition qualities should be preserved in the so- 
called production strains. 

Score card. The score card, once essential to es-ery poultry show, today is 
seldom seen in the showroom. Score-card judging has given way to judging 
by comparison. Formerly, every bird entered in the show was "scored” and 
the winners determined by the birds’ respective scores. The score card remains 
basic in the decisions of the experienced and conscientious judge. 


SCALE or POINTS USED IN JUDGING VARIETIES FOUND IN THE AilERJCAN, 
MEDITERRANEAN, ENGLISH, AND ASIATIC CLASSES 



Wnm 1 

Snim Coioa Orasa 
Tbax U bits 

PAtn-Coioass 


Slupc 

Cftlor 1 

'V»r- 

Cbtor 

Shape 

Color 

1. Synsrnetrp 

4 


4 


4 









3. Condition and vigor 

10 


10 









5 






* ■ ■ 

• • ■ 





J 


J 

7. Cy« 

1 2 

2 

2 




8 WaiilM 

2 






9. Ear lobes 

2 

2 1 

2 




10. N«k 

3 

3 

2 




11. Wings 

3 1 

3 

4 











13. Tail 

M. Breast 

5 

7 

3 

4 

4 

6 

4 

6 

4 

IS. Body and fluS .. 

5 






16. Legs and toes 

5 

3 

5 

3 

5 

3 


72 

2h 

66 

34 

62 

38 


Exhibiting Poultry 

.Jw,”' VI,*' from the cxhibi.ion a„I ,h5 utility 

the chthmon of poultqr has almost become a lost att mUe .L 
I-..OU uhtch etutted the eahibittcu poultty shotts 
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it also developed the art of training and conditioning birds for the showroom. 
It is hoped that the art of exhibiting pouiay without its abuses may be re- 
tained by the industry. 

Birds sent to shows should be placed in large coops where they have plenty 
of feed. Unless water can be placed in containers in the coops so that there 
is little danger of the bird or coop becoming soiled by it, some succulent 
feeds should be placed in the coop instead of water. If convenient, the owner 
of the birds should attend the show and carefully groom the birds before they 
are judged and be present to show them to interested spectators and pro- 
speaive customers. 

Many breeders have abandoned the exhibition poultry shows because of 
the danger of introducing disease in thetr flocks. The shows should bar all 
diseased birds and take all practical sanitary measures to prevent any out- 
breaks of disease during the show. All birds returned to the breeders’ premises 
should be kept away from the flock for two weeks. Some breeders make it 
a policy to sell all birds exhibited and never return them to their flocks. 

The tendency in poultry exhibitions is to show not only the live birds but 
to exhibit their products, such as eggs, chicks, and dressed birds. Because the 
hazards of disease would be eliminated, poultry shows may ultimately be- 
come exhibits of poultry products. 

Selection and Preparation of Pawls for Exhibition 

Fowls which are to be exhibited at poultry shows should be carefully 
selected and properly fitted before they are exhibited. The selection should be 
made by examining the birds in the flock which show good body type and 
general color. These birds should be compared with the Standard for their 
breed, and examined in detail as to surface color, undercolor, legs, toes, and 
disquaUficacions or defects. Any disqualification bars a fowl from being con- 
sidered for a prize in the showroom. The birds selected should be placed in 
an exhibition coop for a portion of each day for a week or longer before they 
are entered in competition. The plumage should be examined so that the 
fowl will become accustomed to such movements when being handled by 
the judge. Varieties which show soiled plumage should be washed; and the 
head, feet, and shanks of all varieties should be carefully cleaned before they 
are exhibited. The only equipment needed for washing birds is a warm room, 
individual exhibition coops, clean litter, three wash tubs, soft water, and a 
good grade of soap. The room should be warmed to 90® F. and kept at about 
that temperature until the birds dry. The first tub should be filled about tv-’O- 
thirds full of warm W’atet which is not too hot to be comfortable. In this 
tub should be dissolved one-half pound of soap. The birds should be held 
securely when placed in the water and all parts of the plumage should be 
tlioroughly soaked before rubbing the feathers. The plumage should be 
lathered but care should be taken to avoid rubbing against the "grain” of 
the feather. After the birds have been thoroughly washed they should be 
passed through wo tubs of rinsing wter, the first tub containing water of 
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about body temperature and the third tub containing cool water. All soap 
should be rinsed'ltom the plumage to prevent the feathers from , 

gethet. Much water may be removed from the plumage by wrapping the birds 

"'^rZSrand feet should be thoroughly scrubbed and all dirt temovrf 
from under the scales of the feet. By tubbing some thin oil on ihe shanl^ 
beak comb, face, waules, and earlobes, the appearance of the bird can K 
greatly improved. Many valuable birds have been placed below less desirable 
specimens because their owners failed to train and prepare them for show- 
tciom competition. Eahibiting poultry is an art which was mastered by me 
early breeders and fanciers. 


IMPORTANT GENERAL DISQUALIFICATIONS 

Weight. Leghorn and Ancona males more than one and one-half pounds and 
females more than one pound below Standard weight. All other speamens except 
Bantams more than two pounds underweight. _ 

Shape. Deformed back or beak. Split or sUpf^ wing. Wry or squirrel tai 
(Fig. 22). Oooked breastbone in turkeys. Twisted feather in wing or tail. 
Single combs lopped, split, or having a side sprig (Fig. 23). Rose combs ob- 
structing sight or without a spike. Combs foreign to the breed. Feathers M 
shanks or feet of any variety required to have unfeathered shanks. Decided 
bowlegs or knock.knees. 

Color. Positive enamel white in the earlobes of the American, Asiatic, and 
English varieties except Dorkings, Redcaps, and Lamonas. Positive enamel white 
in the face of all Mediterranean cockerels and pullets except the White-Facec 
Black Spanish. Shanks or feet of color foreign to the breed. Red or yellow in the 
plumage of any black variety. Foreign color in any white variety except slight 
gray ticking. 

The American Standard of Perfeaion, published by the American Poultry 
Association, Davenport, Iowa, should be consulted for the detailed description 
of all Standard varieties and for a complete list of all defects and disqualifica- 
tions. 


Poultry-Judging Contests 

The judging of poultry by students of poultry husbandry has been en- 
couraged during recent years by judging contests for 4-H Club members, 
vocational agricultural students, and college students. 

State vocational agriculture contests. Many states hold poultry-judging 
contests for smdents enrolled in high school vocational agriculture classes. 
The Missouri contest held in 1955 consisted of the following* Judging four 
on egg production, breed rype, murker qualities and value Is breed- 
ers; seleaion of ten birds for U. S. Approved flocks; classifying twenty 
eggs according to U. S. Standards; grading ten live birds according to U. S, 
Standards on grades of l.ve iimke. birds; and a written examination, -niese 
contests sets e as a stimulus for instruction in poultry husbandry. Atttaaive 



Fig. 23. Mole heads showing delective combs: 1, thumb mark; 2, lopped (single); 3, hollow 
center; 4 , side^sprlng; 5, uneven serrations; 6 . twisted. 


premiums are provided for the winners. A National Contest for the state 
winners is held each fall at the American Royal Livestock Show, Kansas City, 
Missouri. 

Four-H Club contests. Many states have annual 4-H Oub poultry-judging 
contests. A national 4-H Club poultry-judging contest is held each year at 
the time of the International Livestock ^ow at Chicago. 
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Fig. 24. Konsoi State poultry {urging teotn, winners in the Chicago Conlett, t954> 


Collegiate and intercollegiate poultrj’-Judging contests. In many 
leges of agrioilrute, snidents interested in poultry judging compete in con- 
tests sponsored by poultry clubs and departments of poultry hustendry ( Fig- 
24). Regional contests (East, South, and l^Iidwest) are generally held each 
year. The Eastern Contest was started in 1915 and the Midwest Contest in 
1921. The latter has become more of a national contest with more than 
twenty teams generally entered. In 1954 this contest included the following: 
placing five classes for egg produaion and three classes for pullet-breeder 
seleaion; seleamg twenty birds for U.SJt.O.P. qualifications; grading fifty 
eggs; grading forty dressed birds and giadmg twenty fowl as live market 
birds. 

REVIEW QUESTIONS 

1. Was Darwin correa la his assumpuon that all chickens descended from the 
same common ancestor^ 

2. What fundamental biologcal condition made improvement possible in 
poultry? 

3. Why did the interest in fancy poultr- wane? 

4. What IS the American Sundatd of Perfection’ 

5. Who may become A.P.A fudges? 

6. Will the number of popular vaneties of poultry likely increase or decrease 

in the future’ Why? ’ 
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7. list the characteristics of the American brwds. 

8. Name the varieties of Plymouth Rocks. 

9. Why are the White Leghorns one of the most popular varieties of chickens 
in America? 

10. Name the Mediterranean breeds. 

11. What were the contributions of the Asiatic breeds to the American poultry 
industry? 

12. What is a "Turken”? 

1 3. What factors should guide the selection of a variety of poultry to raise? 

14. Name ten general standard disqualihcations. 

15. What variety of chickens would you select for commercial poultry farming? 
Why? 

16. If you were a general farmer, what variety of chickens would you raise? 
Explain. 

17. What caused the exhibition poultry shows in America to lose their popu- 
larity? 

18. What values are derived from poultry-judging contests for students? 
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The Anatomy and Pljysiology 
of the Chicken 




The chicken may be considered as a delicate, sensitive, and highly-geare 
machine. A knowledge of its structures, their funaions and operation, is neces- 
sary in order to understand the bird's needs and care. 

Structural peculiarities. Birds are just above the reptiles in the scale of 
animal development. They are warm-blooded and covered with feathers, while 
reptiles are cold-blooded and usually a)vered with scales or horny plates. The 
scales on the shanks and toes of bit^ are evidence of their reptilian ancestors, 
Birds have compaa bodies, light skeletons, and well-developed wings and 
legs, adapted for dying or running. 

Intensity of life. Birds are aaive, nervous, and alert in comparison widi 
their slow-moving relatives, the reptiles. The nervous system is highly de- 
veloped and the senses of sight and hearing are keen. Food is carefully selected 
and quickly and thoroughly digested. Oxidation takes place quickly, and a 
normal temperature of 105® to 109.5® F. b maintained. 

Body systems. The body of the chicken b composed of groups of tissues 
and organs which carry on the body processes (Fig. 25). 


The Body Covering or "Exoskeleton 


The body covering consbts of the skin and its derivatives — the comb, wat- 
tles, earlob«, feathers, beak, toenails, and scales. 

The skin. The skin of birds b relatively thin when compared with that 
of mammab. It has no sweat or sebaceous glands, except the uropygial or 
preen gland at the base of the laiL 

The skin is a protective body coveting. It consbts of an outer layer, the 
epidermis, and an inner layer, the dermb. The feathers, beak, toenaib, and 
pies devpp from the epidermis. The comb, wattles, and earlobes des’elop 
from the dermb. 

The uropygial gland produces an oily substance which the bird works into 
Ac plumage with its beak. The substance scr%'cs for weaAerproofing the 


A ner^ork of delicate nerves, muscles, and blood vesseb courses Ae skin 





eOUtTKT onto eitcnsisn siivicc 


Fig. 25. Seetionei view of the cSieVen, showing: V windpipe ot Iroehee; 2, esophagus or 
gullet; 3, enlargement of gullet or crop; 4, glandular stomoth or proventrieulus; 5, gizzard; 
6> duodenol loop of icnall intestine; 7, large Intestine; 8, rectum; ?. kidneys; 10, ovary; 
11, lungs; 12, heart; 13, liver. 

The color of the skin, beak, and shanks is determined by the presence of 
skin pigments. For instance, yellow shanks ate due to the presence of lipo- 
chrome pigment in the epidermis, with the absence of melanin pigment. 
Black and its variations depend upon the presence of melanin pigment. When 
a bird is in production, the yellow bleaches out of the skin, eye rings, earlobes, 
beak, and shanks. The practical use of pigmentation for estimating the past 
laying performance of bens is discussed in Chapter Five. 

When a bird is growing or in production, the skin is soft and waxy. When 
a bird is out of production or in poor health, the skin is hard and dry. 

Feathers. A bird is known by its plumage. This familiar statement is 
true because feathers are confined to birds and because different species of 
birds have different kinds of plumage. Feather patterns and colors are made 
use of in identifying breeds and varieties of chickens. 

Feathers help protect the body from physical injury and aid in keeping 
it warm. Wing feathers axe essential for flight. In most species of birds, in* 
eluding the fowl, the feathers are arranged in rows in definite areas or feather 
tracts. Tlte ten major feather tracts of the chicken, listed in the usual order 
of feather development, are shoulder, thigh, rump, breast, neck, abdomen, leg, 
back, wing, and head. 


The Anatomy and Physiology 
of the Chicken 


^ 

The chicken may be considefed as a delicate, sensitive, and highly-geared 
machine. A knowledge of Its stmcnires, their funaions and operation, is neces- 
sary in order to understand the bird's needs and care. 

Structural peculiarities. Birds are just above the reptiles in the scale of 
animal development. They are warm-blooded and covered with feathers, while 
reptiles are cold-blooded and usually covered with scales or horny plates. The 
scales on the shanks and toes of bir^ are evidence of their reptilian ancestors 
Birds have compaa bodies, light skeletons, and well-developed wings and 
legs, adapted for flying or running. 

Intensit)' of life. Birds ate aaive, nervous, and alert in comparison with 
their slow-moving relatives, the reptiles. The nervous system is highly de- 
veloped and the senses of sight and hcar'mg are keen. Food is carefully selected 
and quickly and thoroughly digested. Oxidation takes place quickly, and a 
normal tempetamre of 105° to 109.5° F. Is maintained. 

Body systems. The body of the chicken is composed of groups of tissues 
and organs which carry on the body processes (Fig. 25) . 

The Body Covering or Exoskeleton 

The body covering consists of the skin and its derivatives — the comb, wat- 
tles, earlob«, feathers, beak, toenaik, and scales. 

The skin. The skin of birds is relatively thin when compared with that 
of mamm ak. It has no sweat or sebaceous glands, except the uropygial or 
preen gland at the base of the tail. 

The skin is a protective body coveting. It consists of an outer layer, the 
epidermk, and an inner layer, the dermis. The feathers, beak, toenails, and 
scales develop from the epidermis The comb, wattles, and earlobes des’clop 
from the dermis. 

The uropygial gknd produces an oily substance which the bird works into 
Ae plumage with its beak. The substance serves for weatherproofing the 

A netvOTk of delicate nerves, muscles, and blood vessek courses the skin 
and extenck to the feather roots. Ibe skin of a fowl U very sensitive when a 
bird is molting. ' 
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Fig, 25. Sectlonol view of the chiehen. showing: 1, windpipe or trocheot 2, esophagus or 
gullet; 3, enlargement of gullet or crop; A, glondulor stomoeh or proventriculus; 5, gitserd; 
6. duodenal loop of small Intestine; 7, lorge tctlestlne; 8, rectum; 9, kidneys; tO. ovory; 
11, lungs; 12, heart; 13, liver. 

The color of the skin, beak, and shanks is determined by the presence of 
skin pigments. For instance, yellow shanks are due to the presence of lipo- 
chrome pigment in the epidermis, with die absence of melanin pigment. 
Black and its variations depend upon the presence of melanin pigment. When 
a bird is in production, the yellow bleaches out of the skin, eye rings, earlobes, 
beak, and shanks. The practical use of pigmentation for estimating the past 
laying performance of hens is discussed in Chapter Five. 

When a bird is growing oc in produaion, the skin is soft and waxy. When 
a bird is out of production or in poor health, the skin is hard and dry. 

Feathers. A bird is known by its plumage. This familiar statement is 
true because feathers are confined to birds and because different species of 
birds have different kinds of plumage. Feather patterns and colors are made 
use of in identifying breeds and varieties of chickens. 

Feathers help protect the body from physical injury and aid in keeping 
it warm. Wing feathers are essential for flight. In most species of birds, in- 
cluding the fowl, the feathers are arranged in rows in definite areas or feather 
tracts. The ten major feather tracts of the chicken, listed in the usual order 
of feather development, are shoulder, thigh, rump, breast, neck, abdomen, leg, 
back, wing, and head. 
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There are three principal kinds of feathers, based on struaure: contour, 
plumule, and filoplume. Contour feathert cover the body. They vaf)' greatly 
in size and shape, depending on the sex of the chicken and lootion of the 
feathers on the body. Contour feathers so completely^ cover the b<»y 
they conceal possible body defects. It is therefore essential to handle the birds 
in order to determine their true body shapes. Plumules or small downy fearers 
cover chicks and are found on adult birds beneath the contour feathers. Th^ 
possess a soft shaft and a vane without barbs. They retain body heat ^1- 
Filoplumes are hairlike degenerated feathers, remaining after a bird has been 
plucked. They are particularly abundant in the region of the head and neck. 

A typical feather consists of eight parts: the quill, shaft, accessory plutne, 
fluff or undercolor, web or surface colors, barbs, barbulcs, and barbicels (Fig- 
26). The quill is cylindrical and hollow and makes up the base of the feather. 
Nutritive material for feather growth enters through the quill, giving it a 
pink to black appearance. In mature feathers the quill is filled with a gray 
pulp. The shaft or rachis is the continuation of the quill or stem up through 
the center of the feather. The accessory plume is a small rudimentary feather 
or down growing on the under side of the feather at the base of the shaft. 
It appears only on mature feathers and hence serves a useful purpose in 
distinguishing old feathers from the new. The flufj or undercolor is th^ 
downy portion of the feather, not visible when feathers are in normal posi- 
tion. The web or surface color is the flat visible portion of the feather. The 
barbs are projections extending from both sides of the shaft. The barbules are 
small processes projeaing from either side of the barbs. The barbules from 
one side of a barb fit into notches of the barbules projecting from the adjacent 
side of the next barb. The barbicels or cilia are outgrowths from the sides of 
the barbules. Some of them bear microscopic booklets which are linked to 
the barbules next In front. The barbules and barbiceb hold the barbs together 
and add strength to the feather. 

In the newly formed bird, the first indication of feathers is the formation 
of liny papillae or buds on the delicate skin of the embryo (about the sixth 
day in the chick). The skin immediately around the papilla sinks downward, 
so that later the papilla is enclosed in a follicle of the skin. 

The outer layer of the epidermis forms for the developing feather a 
protective sheath, which is cast off as the feather is formed. The elements of 
the tip and border of the feather are first laid down and then the shaft and 
the quill. 

A second generation of feathers (at time of molt) is formed from the 
peisistmg follicles. A feather bud starts to grow at the base of the old feather, 
musing It to loosen and finaUy fall out. In the general body plumage a feather 
» not often regenerated mote than three times. The ptiise paSern of the 
leather is usually reproduced each time. ^ 

bv'?omh“°'; °' by pigments, by physical stmeture, or 



raeo "tmi itoieei or iiibs*> »r J. a T><aiip*e> •* pctiitstioit or thi akCBaLAN eo ruiLisHits 
Fig. 26. Structure and development of the feather (diagrammotic). I. A typical feather: 
C, calamus or quill; A.S., after-shofl; R, rochls; W« web vone ond barbs. II. An enlorged 
part of vane: R, rachts; B, borb; A.BB, ontertor barbwie; P.BB. posterior barbule. III. Two 
borbs enlorged. IV. An eorly stage !n feather development: Y.F, young feather; P, the 
internal pulp or dermis; F.F, the feather follicle; D« the dermis. V. A later stoge in feather 
development: R, E>arbs; SH, sheath; D. dermis; P, pulp; and F« follicle. 
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Feathers are composed chiefly of proteins. Tlicy constirute from 4 to 9 - 
per cent of the empty live sveight, depending on the age and s« of the 
individual An adequate supply of good quality protein in the ration is es- 
sential for normal feather growth. Fairly high humidity and a moderate 
temperature are also conducive to good feather growth. Aaivity of the 
endoaine glands influences feather development. For example, castrated males 
(capons) grow longer neck, saddle, and tail feathers than do cockerels (Fig. 
38). 

Feather shapes and colors are helpful in the determination of sex and age 
of birds. For example, the saddle feathers of males are long and pointed, 
while the corresponding cushion feathers of females are short and rounded. 
This characteristic difference is helpful in separating the sexes of general- 
purpose breeds of broilers. The large feathers of the wings and tail are 
definite in number and are generally molted and replaced in regular order. 
This fact is made use of in culling and scleaing birds for egg production 
(Qiapter Five). 


The Skeletal System 

The skeleton serves as a framework for the body and the attachment of 
muscles, protects vital organs, holds the bone marrow, and contains sir 
spaces which aid in flight and resptratioa The bone marrow produces the 
red blood cells and part of the white celb. 

The birds skeleton (Fig. 27) differs very materially from that of the 
mammal. The bones are light and in some of them the bone marrow is re- 
placed by air spaces. Many of the bones arc fused together, thereby giving 
grnter rigidity to the body. The limbs are adapted for both walking and 
flying. The skeleton is more compaa than that of mammals and contains 
fewer bones. 

The head is small in comparison with other body parts The jaws are 
known as mandibles and form the bird’s beak. The nasal cavities open into 
the roof of the mouth from a point just back of the upper mandible. The 
orbit ca^vities ate large. The brain is weU encased in the rounded and fused 
ctamal bones. 


The IS long and very flexible. The cervical vertebrae fit upon each 
other nr such a way chat there is great freedom of movement of rte head 
an^eck for taring, cate of plumage, defeirse, and other purposes. 

■^e backbone sWs much fusion of vettebcae. It eni ta a rudimentaty 
tail^e pygostyle. The pygostyle supports the main nil feathers. 

The w.«s, torres^pond to the arms and hands of man. The large hnmems 
W tonnec.s w.th the imerclavicukr air sat (Fig. 30) S are threat 
&g„s ta^nnly one of .hem is weU developed. Th! wing is ^ried folded 


the limb. Most breeds of drS^ns Zve f “ '*'= bone of 

and one haekward. alrh^^ Z r„-d2l'la“^o^™®e 
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Fig. 27. The »V.eleton of o (owl. 

toes end in daws, which aid in scratching and perching The spur, above the 
toes, is more developed in males than females and is used for defense. The 
older the bird the greater the spur development. 

The ribs are attached above to the spinal column and below to the sternum. 
They ate braced to each other by additional bones to give a firmer frame- 
work. 

The sternum or breastbone is very large and projects back beyond the ribs, 
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forming a part of the abdominal floor. The sternum protects the vital or^ 
above it. A thin blade, the keel, projeas downward from the sternum. The 
flight muscles are attached to it. 

The pectoral girdle, corresponding to the shoulder girdle in mammals, 
consists of the scapulae or shoulder blades, the coracoids, and the clavicle or 
"wishbone." 

The pelvic girdle is not a closed system of bones as in mammals. It makes 
reproduction or egg laying less difKcult. The pelvic girdle consists of the ilia, 
ischia, and pubes or “lay bones" in the hen. The pubes have a tendency to 
straighten out when a bird is in production and to curv’C in when the bird 
is out of production. There is a tendency for the rear of the keel to drop 
down when a bird is in production and to be drawn up toward the pubes when 
the bird is out of produaion. 

Bone tissue is first laid down as cartilage. This is followed by ossification 
or the deposit of inorganic salts, chiefly calcium phosphate. The dry matter 
of bone consists of about 75 per cent organic matter and 25 per cent inorganic 
matter. During the growth of long bones, such as those of the legs and 
sternum, unossified growth aones are left near the ends. They finally ossify- 
The rear of the sternum, for instance, does not harden and may be bent until 
the bird is nearly a year old. An examination of the sternum may be used to 
differentiate between pullets and hens. 

A deficiency of vitamin D or minerals results in poor calcification and weak 
spongy bones of low ash content. This nutritional disease of the bones is 
known as rickets. An excessive amount of phosphorus or a deficiency of 
manganese in the ration results in enlarged hock joints and aooked legs 
among broilers. This bone disease is known as perosis. These and other 
nutritional diseases are discussed in Qiapter Eleven. 


The Muscular System 

The muscles produce body movements, generate body heat, cover the 
bones, and fill out the body contour. The muscles of the wings legs, abdomen, 
and other parts of the body work in pairs. While one of the pair contracts to 
cause movement the other one relaxes. Muscle work requires food for energy 
and produces body heat. 

The muscles the largest in the bndy, raise and lower the wings. 

Tliey are attached to the sternum and keel of the fowl and constitute the 

tlrhine™ ”‘”8 “ 

H Se hind ^ S I “ “"ftaia itself upon a perch even while asleep, 
oi aSeXhem “■> » tendon which flexes all of the 

' W'and hold the pZ;'*””'' “““ 

beminX tv M td does not form a pattition 

een d,e dtotactc and abdommal cavities as in mammaU. The ttscle fa 
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represented by a tendinous membrane, lying on the ventral surface of the 
lungs. 

The dermal muscles extending to the base of feathers make feather move- 
ment possible. 

Muscles are supplied by nerves and blood vessels. Oxidations in mtiscles 
with resulting heat and energy production are determined by the blood circu- 
lation. Both the blood vessels and muscles are controlled by nerves. When 
nerves are destroyed, or paralyzed by toxins, there is a loss of muscular aaiv- 
ity and the bird becomes paralyzed. Abnormal muscle development or con- 
trol is responsible for such body defects as wry tail and split wing (Chapter 
Two), 

The white and dark meat of a fowl are dependent upon the blood vessels 
coursing the muscular tissue. The chicken walks more than it fiies. There are 
therefore many blood vessels extending into the leg muscles and few into the 
wing muscles on the breast. Breast meat of the chicken is white and leg meat 
is dark. 


The Digestive System 

The digestive system consists of the alimentary tract and its accessory 
organs — the liver, pancreas, and spleen. It differs very materially from that 
of mammals. 

The digestive system serves for food intake, storage, digestion, and elimina- 
tion of body waste products. 

The alimentary tract. The alimentary tract (Fig. 28) consists of the 
mouth, gullet, crop, glandular stomach, gizzard, small intestine, ceca, large 
intestine, cloaca, and anus. 

The mouth is characterized by the absence of lips, cheeks, and teeth. The 
chicken is provided with a beak which is used m tearing apart and picking 
up its food. The pointed tongue is provided with barbed-like projections 
whith serve the purpose of forcing the food back to the gullet. A small cup- 
like projection is made in the tongue for holding water when drinking. The 
bird must raise its head when swallowing or the water will run out through 
the nostrils, which open into the roof of the mouth. Numerous mucous glands 
in the mouth provide saliva for moistening the food for ease in swallowing. 

The gullet is the tube leading from the back part of the floor of the mouth 
(pharynx) to the glandular stomach. It is characterized by its great ex- 
pansibility. 

The crop is the enlargement of the gullet just before it enters the body 
cavit)’. It serves for the temporary storage of food. Here the food is softened 
by saliva that was swallowed with the food, and by secretions from the crop 
wall. 

The glandular stomach (proventriculus) is the thickened portion of the 
rube conneaing the gullet and the gizzard. As the food passes from the crop 
to the gizzard, the glandular cells of the proventriculus secrete a pepsin- 
hydrodrloric acid mixture into the canal which passes with the food to the 
gizzard. 
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Fig. 28. The intestinal tract and accessory organ*. 


muscular stomach joins the glandular stomach and the 
duodena loop of the small intestine. Its walk consist of large, red. thick 
fnT T “ * *■* ''“"y epiMum®-ke gizzard 

f r in the gizzard. 

The small .memne eztehda from the gizzard ,o the large iotesrine. It cod- 
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slsts of the duodenal loop and colls of the free portion. The coils ate held by 
a thin membrane, the mesentery. The small intestine of the average hen is 
about sixty-two inches in lengdi. 

Digestive juices are secreted into the duodenal loop from the pancreas 
for digestion of carbohydrates, proteins and fats. Alkaline bile is secreted 
into this region from the gall bladder to neutralize the acids and create a 
favorable alkaline condition for the action of the digestive enzymes. Diges- 
tion is completed in the small intestine. (See Chapter Nine for digestion de- 
.ails.) Absorption of digested food into the blood stream takes place in the 
coiled portion of the small intestine. 

The ceca are two blind pouches extending forward from their point of 
origin at the juncture of the small and large intestine. They are about seven 
inches long and are usually filled with soft, pasty undigested fotxl (fecal 
material). The function of the ceca is unknown. They may be removed with- 
out impairing the health of the bird. 

The Urge intestine extends from the small intestine to the cloaca. It has 
about twice the diameter of the small intestine and is about four or five inches 
long. The large intestine holds the fecil matter until it is excreted into the 
cloaca. 

The cloaca is the enlarged portion of die alimentary canal connecting 
the large intestine and the anus or vent. Fecal material from the large in- 
testine, eggs from the ovidua, and urine from the kidneys all pass into the 
cloaca and are then eliminated by way of the vent. 

The anus or vent is the external opening from the cloaca. 

The accessory organs. The liver consists of two large brown lobes of 
tissue lying by the gizzard and duodenal loop. It produces a greenish alkaline 
fluid, the bile, which is scored in the gall bladder, a thin, dark -green sack 
located under the right lobe of the liver. The liver serves as a purification 
plant for digested food before it enters the general circulation, stores glycogen 
or animal starch, and transforms protein waste products into uric acid and 
other products suitable for elimination by the kidneys. 

The pancreas is a narrow strip of pinkish tissue lying between the folds 
of the duodenal loop. It secretes the enzymes — amylase, trypsin, and lipase 
— into the duodenal loop for the digestion of carbohydrates, proteins, and 
fats. The pancreas also secretes a hormone, insulin, which regulates sugar 
metabolism. 

The spleen is generally regarded as one of the accessory orgarts of the di- 
gestive system. It is a reddish-brown body shaped like a buckeye. The spleen 
lies in a triangle formed by the liver, gizzard, and glandular stomach. The 
function of the spleen is not definitely known. It removes broken-down red 
blood cells and is capable of storing iron and blood. 

The Respiratory System 

The respiratory system of the chicken is quite different from that of mam- 
mals. The lungs connect with air sacs which in turn connect with hollow 
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spaces in the bones. The lungs are inexpansi* 
ble. The aaive part of breathing is expiration 


rather than inspiration. 

The respiratory system supplies oxygen lor 
body oxidation, removes carbon dioxide, eliffl' 
inates water from the body, and aids in the 
control of body temperature. 

The respiratory system (Fig. 29) consists ot 
the external and internal nares, pharynx, lar- 
ynx, trachea, syrinx, bronchi, lungs, and air 


fig 29. Trachea and lungs ot the 
fowl. T, tongue, HY, horns ot hy- 
oid: Gl, glottis; TR, trachea or 
windpipe; S.TJA., slernelracheot 
muscles; SY, syrinx or voice box, 
BR, bronchial tubes. L, covity of 
lungs; A.S, mesobronchus leading 
into the abdominal air sac. 


membranous pouches. There 


The external nares, or openings just back ot 
the upper mandible, open into the cleft in the 
roof of the mouth. 

The pharynx is the back part of the floor or 
the mouth. Air is drawn through the nasal 
cavities into the pharynx, where it passes on 
through an opening into the trachea- 
The larynx is the slitlike opening, sur- 
rounded by a ring of cartilage, in the floor of 
the pharynx. It is attached to the upper end 
of the trachea. The larynx is kept closw when 
swallowing food and water. It may become 
clogged with phlegm when a bird has bron- 
chitis, and cause death by strangulation. 

The trachea or windpipe is the tube leading 
from the larynx to the syrinx or voice box. h 
is a long tube surrounded by rings of cartilage- 
The syrinx or voice box is the constricted 
portion of the air passage at the lower end of 
the trachea. It is a flexible valve which is 
vibrated when air is forcibly expelled from the 
lungs, thus producing sounds. A number of 
muscles make it possible to alter the tension 
of this valve and consequently the number of 
its vibrations and the pitch of the note pro* 
dutxd. 

The bronchi are the two branches leading 
from the syrinx to the lungs. 

The lungs consist of pinkish spongy masses 
of tissue imbedded in the dorsal thoracic wall 
on both sides of the spinal column. The lungs 
are coursed by many branches of the bronchi, 
which lead into minute canals beset with thin 
a rich vascular circulation in the membranes 


nf rViP Tu„iic .V t circulation in the memDrani=5 

of the walls of the lungs. Oxygen passes from the lungs into the blood and 
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carbon dioxide passes from the blood 
to the lungs. 

The air sacs are accessory lungs. 

There are four pairs and a large single 
air sac in the fowl (Fig. 30). They 
connect the lungs widi the hollow 
spaces in the bones of the limbs and 
other parts of the skeleton. The air 
sacs serve for respiration, impart light- 
ness and buoyancy to the body, and 
permit diffusion of water from the 
blood to be excreted from the lungs in 
the form of vapors. It is estimated that 
one hundred hens secrete about a gal- 
lon of water daily by way of the lungs. 

The interclaviculor air sac connects 
the hollow spaces in the bones of the 
wings with the anterior ends of the 
lungs. The large abdominal air sacs oc- 
cupy the spaces between the abdom- 
inal organs and the body walls. They 
connect the hollow spaces of the leg 
bones with the lungs. The anterior and 
posterior thoracic ait sacs lie in the 
chest cavity. They connect with the 
lungs only. The cervical air sacs lie 
close to the interclavicular air sac, and 
connect the cervical and thoracic verte- 
brae with the lungs. Birds have beerv 
found injured by shot, which were 
breathing through a spVtniered wing 
bone when the trachea was clogged with bitxxl excluding the passage of air. 

In respiration, as the abdominal muscles relax and the rear of the sternum 
drops down, air is drawn in through the lungs and into the abdominal air 
sacs. As the abdominal muscles contract and the rear of the keel is drawn up, 
air is forced out of the abdominal air sacs and on out through the lungs. The 
average respiration rate of the hen is 36 per minute and that of the male 20 
per minute. 



Ftg. 30. The of qU ion Sn o bUd: 

U the right lung; C, a cervical otr sac; ICL, 
the {nterclovkulor oW toe: A.S, an out- 
growth into the humerui bone; A.TH, an- 
terior thoracic eir toe; P.TH, the posterior 
thoracic; ABD, the obdominol air sac; TR, 
the trachea. 


The Circulatory System 

The circulatory systems consist of the blood and lymph circulations. The 
blood circulation is in a closed system under pressure (90 to 180 mm.) 
while the lymph circulation is a more open system with little or no pressure. 
The blood circulation serves for the transfer of digested food, waste products, 
oxygen, carbon dioxide, water, and hormones to and from the body cells. It 
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Fig. 31. A diagram of ihe h1ood.eJfewlallng of th» fowl ond mommol. Tl»# 

shading represents unoxygenated blood; arrows Indicate the direction of flow. 


also aids in the legulation of body temperaiufc. the control of body neutralit)’, 
and protection against disease, '^e lymph circulation bathes the cells, servis 
as a medium of transfer of food and waste products between the blood capil* 
laries and body cells, and carries fats. ^ . 

The blood circulatory system. The blood circulatory system consists ot 
the heart, arteries, capillaries, veins, and blood (Fig. 51). 

The heart is the pump for the blood circulation. It consists of r^’O entirely 
separated muscular ventricles and two thin-walled auricles. The heart receives 
the impure blood through veins leading from the head and body regions- 
The blood is pumped through the lung circulation where it gives off carbw 
dioxide and takes in oxygetu The blood returns to the heart and is pumj^ 
out through the aortic arch and its arterial branches to all parts of the body- 
The heart beat or pulse rate ranges from about 192 to 396 per minute, 'with 
an average of about 282, 

The arteries carry blood away from the heart. Pulmonary arteries carry 
blood to the lungs. The carotid aneries supply blood to the head; the brachial 
aneiies supply the wings; and the dorsal aorta gives off branches which sup- 
ply the liver, digestive traa, kidneys, and legs. Arterial blood is a brighter 
red than venous blood because of its increased oxygen content. Arterial blood 
is also tinder greater pressure than venous blood. The average pressure in the 
femoral artery is 135 tnm 

capillaries are very small blood vessels which connect arteries itii 


The veins carry blood to the heart. They are usually located close to the 
corresponding arteries and generally bear the same names. For instance, there 
IS a brachial artery and brachial vein in the wing. Blood is returned to the 
heart from the head regions through the jugular and precaval veins and froff 
the body regions through the postcaval vein. When birds are kiUed and blec 
for market, the jugular vein is severed at the point of union of the 
branches at the b«e of the head. The knife blade U directed against *e ned 
wall. Blood samples ate taken for the pulfomm agglutination test by punctM 
mg a blanch of the brachial treiii. In caponlring birds one must use cJtteffl 
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Fig. 32. Blood cells from a normal and leucemic fowl: a, erythrocyte; b, erythroblost; c, 
lymphocyte; d, polymorphonuclear leucocyte. Magnified 1350 X. (Illinois Station Circular 
467.) 


care to avoid puncture of the postcaval vein. It passes along very close to the 
testes. 

The blood. The blood is the mixture of liquid and cells flowing in the 
blood circulatory system. The liquid part of the blood is called plasma. It 
carries digested fot^ in solution to the cells, waste products from the cells, 
solutions of salts for maintaining body neutrality, hormones, and the blood 
cells. 

There are two principal kinds of cells floating in the blood, the red cells 
or erythrocytes and the white cells or leucocytes (Fig. 52). The erythrocytes 
are small and oval in shape with large nuclei. They carry oxygen from the 
lungs to the body cells and carbon dioxide from the body cells to the lungs. 
The oxygen and carbon dioxide are carried in the red cells in loose chemical 
combination with an iron-containing protein, hemoglobin. The leucocytes 
are larger and fewer in number than the red cells. They may be subdivided 
into several different groups. The leucocytes help to protect the body against 
disease; in case of an infection the leucocj'te count in the blood increases. 

The blood constitutes about 5 per cent of the empty live W’eight of the 
fowl. It consists of about 75 pec cent water and 25 per cent solids. The blood 
contains from 2,000,000 to 4,000,000 red celk and 15,000 to 35,000 white 
cells per cubic milliliter. The plasma contains a substance, fibrinogen, which 
is essential for blood clotting. The blood of the fowl clots quickly. The liquid 
W'hich separates from the clot is know’n as serum. It is used in making the 
tube agglutination rest for pullorura disease (Chapter Elet'en). 

The lymph circulatory’ system. The lymph circulatory system consists 
of the lymph vessels, the white cell-forming organs, and the lymph. The 
lymph capillaries collect the lymph fluid and pour it into the lymph veins, 
and these in turn, carry it to the large veins adjacent to the heart. The lymph 
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fig. 33. The tirlnory and reproduelive »jr»le»» of the fowl: mole, left} pnd femole, * 

T, tertet: K— t, 2, and 3. lohe« of the Mdneytf V.P, vo» deferent; U, vreter*; VA 
vesicle; Cl, clooea; OV, ovary; f.T, fonnel of oviduct; OVD, ovidoet; M.OVD, wtenis * 
oviduct; UR, uretert R.R.OVO, rudimentory right oviduct; OP.UR, opening of the right ore > 


OP.OVD, opening of the oviduct; Cl, cloaca. 


vessels in birds are numerous. The lymph glands are few. They may be seen 
in the anterior breast and the neck region, and sometimes in the wings- 


The Urinary System 

The urinary system is located close to the reproductive system, as in 
mak. It serves for the elimination of body waste products which are cbiehy 
protein in namre. The clucken does not have a urinary bladder. It excretes 
very little liquid urine. 

The urinary system consists of the kidneys and ureters (Fig. 33)- 
kidneys are large three-lobed, soft, btown organs attached to the vertebral 
column just back of the longs. Many small blood vesseU course the kidneys- 
Protein waste products and water (forming the urine) filter through 
walls of the blood vessels into the collecting tubules of the kidneys. Tb® 
ureters arc the urinary tubes leading from the kidneys to the cloaca. A sing'® 
tube leads from each kidney. Qq 

MLSU- CENTRAL LIBRARY 


61 


The Anatomy and Physiology of the Chicken 

The urine passed from the kid- 
neys to the ureters daily by the 
normal-sized fowl amounts to 
700 to 800 cc As it passes along 
through the ureters, in the region 
of the large intestine, much of 
the water is reabsorbed into the 
body circulation. The urine passes 
from the ureters into the cloaca 
and becomes mixed with the 
fecal material deposited from the 
large intestine. The urine and 
fecal material ate eliminated to- 
gether from the cloaca. The 
urine, which is chiefly uric acid, 
is the white pasty material seen 
on the dropping. 


The Reproductive System 

The male reproductive sys- 
tem. The male reproductive sys- 
tem produces male reproductive 
cells (spermatozoa), inaoduces 
them into the oviduct of the fe- 
male for fertilization of the egg, 
and produces a hormone which 
influences sex charaaers. 

The male reproductive system 
consists of the testes, vas defe- 
rens, and papillae or rudimentary 
copulatory organs (Fig. 34) . The 
testes are two small ovoid organs situated at the anterior end of the kidneys in 
the dorsal body wall. Some of the cells produced in the testes differentiate into 
gametes or reproductive cells. They enter the seminiferous tubules and are 
carried out of the testes by the seminal fluid, which is also produced in the 
testes. The spermatozoon is a long, slender, motile cell with a head, which con- 
tains the nucleus, a neck, and a tail. Millions of these cells are produced and 
expelled in the seminal fluid. The vas deferens are the two tubes pursuing a 
wavy course from the testes to the cloaca. They convey the spermatozoa and 
seminal fluid from the testes to the cloaca. The papillae or rudimentary copu- 
latory organs are located in the cloacal wall. TTie vas deferens open on the 
sumihit of the papillae. During the process of mating, the spermatozoa are 
introduced by the papillae into the ovidua opening in the cloacal wall of the 
female. 

The testes are sometimes removed from cockerels if they are to be raised 





Fig. 34. The mole reproductive ond urlnory tyv 
lem): T., teUir; V.d., vas deferent; K, kidney; Ur., 
ureter; Cl., clooco; H, head oT reproductive cell 
or fpertn; T, toil of iperm. 
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Fig. 3S. The female repredsiOtv* tytlem ond a porlton of the Intettinol tract. 

to maturity for meat. This process is known as capooiting. Capon 
more tender and of better quality than that from old cockerels. Caponirctl 
birds lose some of their sex charaaeristics. 

The female reproduaive system. The female reproduaive system du* 
fers greatly from that of mammals. The reproductive cell, also known as a 
gamete, ovum, or egg, is an anicle of food. It b large because it is enclosed 
with a food supply for embryo development. Most of the development of the 
bird embryo takes place outside of the body (Chapter Six) . 

The teproductise system of the female consists of the ovary and ovidu« 
(Fig. 35). At hatching time the female chick has two ovaries and two ovi- 
ducts. The right ovary and ovidua soon degenerate. The left ovary and ovt* 
dua develop as the bird grow-s. The ovary appears as a cluster of tiny gr^)' 
yolks Of ova situated at the anterior end of the left kidney and attached to 
the dorsal body wall. When a bird reaches sexual maturity, or comes into 
produaion, some of the os-a develop to mature yolks. The yolk ruptures the 
membrane or follicle which holds ti and falU into the funnel of the oviduct- 
This process is kno«n as otulaiioo. The o\’ary also secretes a hormone which 
influences sex characteristics. The ottduct is a long glandular tube leading 
from live ovary to the cloaca It consists of five parrs: the funnel or infun- 
djbulum. which receives the yolk; the magnum, which secretes the thick 
albumen or white, the which adds the shell membranes; the uterut, 

which ^ocs the thm white, the shell, and the shell pigment; and the t aginJ' 
which ho.ds the egg until it b bid Details of the formation of the egg afC 
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given on pages 68-70. The egg passes 
from the oviduct to the cloaca and then 
out of the body through the vent at the 
time of laying. 

Abnormal conditions of the reproduc- 
tive system are very common. The ovary 
may contain abnormally shaped and 
colored ova as a result of pullorum in- 
fection or tumors. The oviduct is easily 
ruptured and may pass out with the egg 
or permit eggs to fall into the body aivity. 

The Nerpous System 

The fowl has a highly developed nerv- 
ous system with a keen sense of sight, 
hearing, touch, taste, and smell. The nerv- 
ous system Is often called the master tis- 
sue of the body because it controls body 
aaivities. It receives messages from the 
outer world through its sense organs, ad- 
justs the body to its environment by con- 
trolled movements, and harmonizes the 
vital activities. 

The nervous system (Fig. 36) consists 
of the brain, spinal cord, branches lead- 
ing to the sense organs, and sympathetic 
nerves, which control the viscera. It may 
be compared to a telephone system with 
the sense organs of sight, hearing, touch, 
taste, and smell as telephones; the nerve 
fibers as wires; and the brain as the 
switchboard. 

The central nervous system. The 
brain (Fig. 37) consists of three principal 
parts: the cerebral hemispheres, the cere- 
bellum, and the medulla oblongata. The 
tw’o cerebral hemispheres constitute the 
front and most conspicuous part of the 
brain. The olfactor)’ nerves from the nose 
extend to the cerebral hemispheres. The 
elongated oval cerebellum lies upon the medulla oblongata and extends for- 
. ward to the cerebral hemispheres. The medulla oblongata is the back part of 
the brain which is continuous with the spinal cord. Most of the cranial nerves 
, take origin from it. The medulla oblongata is severed or cnished in debraining 
^ birds for dry picking. This releases the muscular tension on the feathers. 



Fig. 36. The nervous system of the 
fowl- C.H, cerebral hernrspheres of the 
brain; O.L, optic lobes; CB, cerebellum; 
5P.C, spinal cord; SP.N, spinal nerves; 
SY.N, sympothetic nervous system; BR.P, 
brachial plexus to wing; S.R, rhonv- 
boidol sinus; LPL, lumbar plexus of 
nerves uniting to form the sciatic nerve 
(SC.N). 
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Fig. 37. A lideview of ihe brain of »He fowls C6, eefobrum; Ol.l, 
olfeetory lobe; O.N, optic nerve; PiT, pituitary body; OP.l, optic 
lobe; MO. medulla oblongata; N. nerve iiMlng from ipinol cord 
(SC): CBU cerebellum. 
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The spinal cord 
is the main trunk 
line of the nervous 
system, extending 
from the brain to 
the body trunk. It 
sends out branches 
to the wings, legs, 

and peripheral 
nerves of the skin, 
and connects wiA 

the sympathetic 

nerves, which con- 
trol the viscera. 

Vitamin deficien- 
qr results in nerve 


degeneration and certain forms of paralysb. In nexirolymphomatosis the nerves 
may be swollen and have a yellowish color instead of the characteristic gta) 
appearance. Poisons or toxins result in nerve paralysis and a lack of muscle 
control. This is the cause of "limberneck" in chickens. 

The sense organs. The eye of the bird is relatively large and lodged m a 
bony orbit. It is used for transforming li^t waves in visual perception. The 
optic nerve leads from the brain to the eye. The details of the structure of the 
eye and nerve aaion in visual perception are beyond the scope of this book- 
It is interesting to note that the eye has a third eyelid in the form of a thm 
membtane, the nictitating membrane, which can be drawn quickly over die 
eye. It operates somewhat like the lens shuner of a camera. \^en not in use, 
the membrane is mainly concealed within the medial angle of the eye. The 
normal color of the eye in most breeds of chickens is a reddish-bay. In some 
forms of the disease known as leucosis, the color becomes pearl-gray. Toxim 
resulting from tapeworm infesation and other troubles may cause blindness- 
The ear of a bird does cot form any external appendage to the head as id 
mammals. An opening surrounded by a fringe of feathers leads into a cand 
which ends at the tympanic membrane. The inner ear contains the essential 
parts of the organ of hearing. It b imbedded in the temporal bone. The car 
system serves for the transformation of sound waves into nerve impulses and 
for maintaining body equilibrium. The auditory nerve leads from the brain 
to the ear. 

The nose serves not only for respiration but also for the sense of smcU- 
Olfaaory nerves lead from the brain to the membranes in the waUs of the 
nasal passages. 


The Regulatory System 

The reguUtory system is composed of endocrine glands. The elands secrete 
substanas, known as hormones, into the blood stream. These chemical sub* 
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Fig. 38. A FI)rfflouth Rock cocker«f on the right end o copen en the left. 

Stances are carried to ocher organs of the body and exert a profound influence 
on their aaivitles. 

Hie testes secrete a hormone which is responsible for the marked differ- 
ence between males and capons. When a cockerel is caponized, the comb and 
wattles fail to develop normally and the hackle, saddle, and tail feathers 
grow longer than in normal males (Fig. 58). If a normal testis is grafted 
into a capon it recovers its normal male charaaeristics. The same effects are 
produced by the injection of the male hormone extraa or one of the synthetic 
products, such as androsterone. Male sex hormone products are assayed for 
strength by testing their ability to produce comb growth in capons. The male 
sex hormone is responsible for a higher red blood cell count in males than 
females. It may also be responsible for the higher metabolism in males than 
females. 

The ovary produces a hormone which helps to differentiate the two sexes. 
The female hormone exerts an inhibitory effect on the development of the 
secondary sex characteristics. If the ovary is completely remov^ from a fe- 
male, the bird has a tendency to develop male plumage and sex charaaer- 
istics. The injection of female hormone extract into males causes them to 
take on the plumage color charaaeristic of the female rather than that of the 
male. 

Diethylstilbestrol and other derivatives of stilbene are synthetic hormones 
which produce effects somewhat similar to the female hormone estrogen. 
When injeaed into growing cockerels or old males, they cause the birds to 
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quit crowing and begin to sing; the pelvic tones to spread; the vent to to 
?otne ntoistfthe lipoid content of the blood to inaease; and fat to colto 
under the skin and in the abdomen. The males appear and act something 
pullets that ate about to begin egg produaion. Synthetic female to™on^n- 
iection pellet Implant beneath the skin, and addition to the feed have been 
advocated for fattening poultry (p. 277) and for stopping btoodiness among 


Tumor growths and other abnormalities may impair the testes or ov^ 
to such an extent that the bird gradually loses its normal sex charaaeristics 
and assumes more of the characteristics of the opposite sex. 

The adrenali are small oval or elongated yellowish bodies located on « 
dorsal body wall just in front of the kidneys. One of the adrenal hormo^ 
is adrenalin, which influences carbohydrate metabolism and regulates bj*^ 
pressure. The adrenal glands ate also believed to influence sex-gland activity. 

The pancreas functions as an endocrine gland as well as an accessory organ 
of the digestive system. In man it secrets a hormone, insulin, which regulate 
sugar metabolism. The pancreas probably also regulates sugar metabolism m 
the bird. 

The thyroids ate two small oval brown bodies a little larger than a grain 
of wheat located close to the jugular veins near the base of the neck (F>S- 
39). They secrete a hormone Imown as thyroxin, which influences feather 
growth and coloration as well as the rate of body metabolism. 

Thyroprotein, also known as iodioated casein or protamone, is an artificial 
thyroxin-like compound, which produces some of the accelerated metabolic 
effects of thyroxin. There is some evidence that its use in the ration at 
rate of about 10 grains pet 100 pounds of feed will stimulate egg production 
of old hens and produce faster and more uniform growth of broilers. Tbiou- 
tacil produces the opposite effea of thyroprotein. It blocks the action of the 
thyroid gland; reduces the metabolic rate; and causes fat deposition. While 
early feeding of thiouracil stunts growth, its use later in the growing period 
has increased body weight and improved market appearance of broilers and 
roasters. Its use is not permitted, except for experimental work, at the present 
time. 


The parathyroids ate small glandular bodies located close to die thyroids. 
They secrete a hormone which regulates calcium and phosphorus metabolism. 
Parathyroid secretion is an important faaor for laying hens because of the 
large amount of calcium needed for eggsheU formation. Birds in production 
need to carry much more calcium in the blood stream than those out of 
ptoductioiL 


Tlie psired thymm glands occur as thin pinkish lobes along the neck. Hiey 
arc Wge in chicks but dimmish in size with the age of birds The funaion of 
the thymus is unknown. Ir may play a part in growth 

The or hypophysis is a smaU kidney-shaped gland located at the 

of the btam. It n composed of different kinds of tisSie, each secreting a 
iSd "tonlates both male and female 

gonad aaiviiy. Artificial hghK inaease egg produaion by stimulating *= 
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plmitaiy gland which in turn secretes a substance that stimulates the ^ 
to ptoduc? eggs. Use of lights on biti whi* have had the anterior lobe ol 
the pituitary removed does not result in ovarian aaivity. , t • 

Another pituitary hormone, prolaain, aaivates the crop glands of pigeom 
and thereby produces "pigeon milk.” Ir Induces milk production in mammals 
but inhibits ovarian development, .it, ; 

The pineal body is a small round gbnd just back of the cerebral nem • 
spheres of the brain. It probably secrets a hormone but its funaion is un* 
Imown, 


Formation and Structure oj the Bgg 


A knowledge of the formation and structure of the egg is helpful for an 
understanding of fertility, embryo development, egg quality, and diseases o 
the female reproduaive sj'stem. 

Yolk development. The ovarian tissue appears as a cluster of tiny ova w 
yolks. Other ova, too small to be seen with the unaided e)’e, are more deeply 
imbedded in the ovarian tissue. One may count from a few hundred to more 
than 3,000 ova in an ovary without the aid of a magnifying glass. When the 
ovary starts to funaion, a few of the ova surt to increase in size (Fig' 

The ovum U enclosed in a thin membrane, the vitelline membrane. The yolk 
and its vitelline membrane are to turn enclosed in a highly vascular coat of 
conneaive tissue, the follicle. As the ovum or yolk increases in size it is sus- 
pended in its follicle and held to the ovary by a slender stalk, the follicle 
stalk. 

Food material is carried to the developing ovum by the blood circulation 
in the follicle. The developing yolks increase about four mm. in diameter 
daily imtil the full sire of about forty mm. b reached. The nucleus of the 
ovum moves to the outer edge, leaving behind it a flask-shaped of white 
yolk (Fig. 41). Alternate layers of dark and white yolk may be deposited 
during the period of rapid yolk development. The sire of yolks influence the 
sire of the finished eggs. Large yolks stimulate the albumen and shell ^hs^is 
to greater secretion. 


Ovulation. When the yolk has reached maturity, the follicle ruptures 
along a definite line, the stigma, where there are normally no blood vessels- 
The yolk falls into the funnel of the ovidua or into the body cavity. This 
process is known as ovuUtion. Yolks whidi drop into the body cavity, a cup- 
like depression formed in the angle between the ovary folds of small in- 
testine, ^d oviduct, ate nonnaUy pushed or drawn into the funnel of the 
ovidua by the niovements of the viscera and oviduct. If the yolks faU to get 
back mto the ovidua the bird is know-n as an internal layer. The yolks may 
mpture and the liquid be reabsorbed mto the circulation, leaving an abnormal 
deposit of yeUow solids covermg the intestine, or the yolks may dry up, \erf- 
mg mas^ of caked egg-yolk mateiial in the body cavity ^ ^ ^ 

m thn oviduct, tcml, ration akes place in the funnel region. The yolk re- 
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mains in this region for 
a few minutes. Details of 
fertilization and the trans- 
mission of hereditary char- 
acters are discussed in 
Chapter Four. 

Embryo development 
in the body. The ferti- 
lized ovum starts cell di- 
vision and embryo devel- 
opment soon after ferti- 
lization. It continues dur- 
ing the approximate 
twectty-fotar hoots that 
the egg remains in the 
oviduct. The germ spot 
or blastoderm increases 
in size and there is some 
change in the consistency 
of the white and yolk. 
Unless the fertile egg is 
held below 82® F, after ir 
is laid, there will be fur- 
ther germ development. 
It is therefore desirable 
to produce infertile eggs 
at ail times except when 
they are needed for hatch- 
ing. The details of em- 
bryo development ate dis- 
cussed in Chapter Six. 

Addition of the thick 
white and chalaza. After 
the yolk has been en- 
gulfed by the funnel of 
the ovidua, it moves 
along with a nirning mo- 
tion through the mag- 
num. It requires about 
three hours for the yolk 
to pass through this re- 
gion. Here the thick 
white and the dense ropy 
material known as the 
chalaza (Fig. 41) are 
added. The thick white 



*rTit r»oii "pBvirt* rioBvcTiew it «r « ii^piueoTT 

l. r BT PciMKsion i.i« «bb roieti. puiliimkc 

Fcg. 40. The reprodvcttve system el the female fowl. 1, 
The ovory. 2, A parity developed ovum. 3, Still forger 
OYO— the lower orie isearly reedy to leave the ovary. 4, The 
stigma— o region In which there ore normolly no blood ves- 
sels. 5, An empty follicle from which the yolk has entered 
the oviduct. 6, Up or margin of the funnel, 7, Opening 
or mouth of the funnel. 8, A yolk which hot (ust entered 
the oviduct, 9, Albumen-secretlng portion of the oviduct. 
10, Albumen which is secreted oround the yolk. 11, Yolk. 
12, The germinal disc. 13, Anterior end of the isthmus, in 
which the shell membranes ore formed. 14, The uterus, or 
shell glond. 15, The large Intestine. 16, The abdominal 
woU, cut and laid back. 17, Anus or vent. 
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has a tendency to 
adhere to the yolk 
when an egg *5 
broken out. It con- 
stitutes about 50 
per cent of the to- 
tal white by vol- 
ume. 

Formation of 
the shell mem- 
branes. The yoU^. 

surrounded with its 
thick white, passes 
from the magnum 
through a short sec- 
tion of the oviduct 
known as the isth- 

Fig. 41. sifudufe of th* ogg. 

shell membranes are added and the shape of the egg is determined. An isib' 
mus of large diameter tends to result In thick round eggs while one of small 
diameter tends to result in long slender eggs. 

Addition of thin white and the shell. The developing egg passes from 
the isthmus into the uterus, where it remains for about twenty hours. The 
thin white, largely water, passes through the shell membranes into the egg in 
the first portion of the uterus. Even before the addition of the thin white has 
been completed, the shell glands of the uterus start the secretion of the shell- 
This is largely calcium carbonate. It b carried to the uterus by the blood cir-. 
culation. TTie size of the ovidua in a laying hen and its blood circulation are ' 
several times greater than that of a hen out of production. 

The pigment in brown-shelled eggs b secreted in the uterus. The cuticle 
or bloom, a moist substance noticed covering the newly laid egg, b also se- 
creted in the uterus. Soon after the egg b laid the substance dries and tends to 
seal the openings in the porous shell 



After the egg reaches the hard-shell stage in the uterus, it b possible to 
detect it by pressing on the walls of the abdomen. By handling all the birds 
early in the morning, one can determine the hens that will lay during the day. 


The egg remains in the vagina for a short time after completion or nntil 

tr ic lairf \frKr nra I f mn . 


it b laid. Most eggs ate laid smaU end first. They pass from *e vagina into 
the cloaca and are expelled at once. ^ 

Abtiormal eggs. Double-yolked eggs result from two ova ripening at the 
s^e tune, ot one ovum being pushed back mm the oviduct at the same time 
that another ovulation takes place. Eggs with double yolks ate more common 
^ong pullets than among older birds. It takes time for the newly function- 
f “d 'o "»rk normally. 

JMeat ,pm may be observed on the yolk coveting ot in the white of the 
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egg. They are generally degenerated blood dots resulting from hemorrhages 
in the ovary or oviduct. 

Blood spots may be found in some eggs. They result from the hemorrhage 
of a small blood vessel in the ovary or oviduct. A blood or meat spot on the 
yolk indicates a hemorrhage in the ovary or funnel region of the oviduct. 
The follicle probably did not rupture along the stigma, where there are nor* 
mally no blood vessels, or else a rupture occurred before ovulation (Fig. 40) . 
If the spot is in the white of the egg, it indicates a hemorrhage in the wall 
of the oviduct. Bloody eggs are probably the result of more severe hemor- 
rhages. The reproductive system of the female may be easily ruptured when 
in production. Selection of hatching eggs from families that produce eggs 
with a low incidence of blood spots will do much to correct this egg ab- 
normality. 

Soft-shelled eggs may result from failure of the shell glands to secrete; or 
they may result from the peristaltic constriaions becoming so violent as to 
hurry the egg through the uterus. Most shell-less eggs are probably laid at 
night. This would indicate that certain ways in which birds roost may cause 
abnormal pressure on nerves leading to the oviduct. 

Small yolkless eggs may result from the stimulus produced by some for- 
eign substance, such as a blood dot or piece of membrane, gaining entrance 
to the ovidua and passing along in the same manner as the yolk. The passage 
of the particle will stimulate the albumen, shell membrane, and shell glands 
CO secrete their particular products. 

An egg within an egg is sometimes found. After an egg has been formed 
it may be forced back up into the furmel region by reverse peristaltic aaion. 
As it again traverses the oviduct, albumen, shell membranes and shell are 
added. When the egg is opened a complete egg is found where the yolk is 
normally present. 

If the reverse peristaltic action is very strong, the egg may be forced en- 
tirely out of the oviduct into the body cavity. An accumulation of eggs in 
the body cavity causes a bird to walk like a penguin and will finally r«ulc 
in death. 

REVIEW QUESTIONS 

1. What are the structural peculiarides of birds which differentiate them from 
other vertebrates? 

2. Why are chickens more sensitive to changes in environment than other 
farm animals? 

3. Differentiate between the skin of the domestic fowl and that of other farm 
animals. 

4. Differentiate between new and old feathers. 

5. How are feathers an aid in determining the sex of chickens? 

6. What hormones influence feather grov^? 

7. In whit order are the feathers on a bird molted? 

8. Compare the skeleton of the fowl with that of other farm animals. 
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9. What are the fanaions of the skeleton? 

10. Name wo bone diseases. 

11. Why is the breast meat of a wild duck dark and that of the chicken l«gnt. 

12. How do muscles produce locomotion? 

13. Explain bow a bird is able to sleep in a tree or on a perch pole without 
falling off. 

14. Trace the path traveled by food through the alimentary canal. 

15. What are the accessory organs of the digestive system? 

16. What are the functions of the liver? 

17. What are the functions of the pancreas? 

18. What products from the body are passed into the cloaca? 

19. What part of the intestinal tract is add and what part is alkaline? 

20. What part of the intestinal tract in birds cortesponds to the paunch in 
ruminants? 

21. What are the functions of the air sacs in birds? 

22. How are sounds made by birds? 

23. What is the normal respiration me of the chicken? 

24. Which has the brighter color, arterial or venous blood? Why? 

25. How are blood samples obtained for the pullortim agglutination test? 

26. Differentiate between the functions of ^e erythrocytes and the leucocytes. 

27. What happens to the relatively large amount of liquid urine produced by 
birds? 

28. What endoaine glands are located at the anterior end of the kidneys? 

29. Differentiate between the charaaefistia of male and female reproductive 
celb. 

30. What changes in sex characteristics arc noticed as a result of caponizioc 
birds? 

31. How may one differentiate between the vas deferens and the ureten? 

32. Describe the process of orulatioo. 

33. Where does fenihzauon take place? 

34. Trace the formation of the egg from the time of ovulation until it Is laid. 
35- What part of the brain should be destroyed when birds are to be dry picked.^ 

36. What are hormones? 

37. What are the functions of the pituitary body? 

38. What is the cause of blood spots in eggs? 

39. Explain the formation of double-yolked eggs 
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Breeding Principles 


Heredity 

Heredity accounts for the fact that offspring tend to resemble their par- 
ents. Not only do the offspring hatched from a single'comb White Leghorn 
mating resemble birds and chickens, but also the specific single-comb "^Tiite 
Leghorns. A chicken is composed of many characters. Its physical characters, 
such as size, shape, type of comb, and color of plumage, are easily seen. Its 
physiological characters, such as rate of growth, early maturity, and egg 
production, cannot be seen by looking at the individual. The parents transmit 
both physical and physiological charaaers to their offspring through their 
gametes (reproduction cells). The science which deals with heredity and the 
origin of individuals is genetics. 

The Genetic Basis of Reproduction 

The cell. The component substance of living things is protoplasm. In 
higher forms of plam and animal life it is organized into small, vvsnally micro- 
scopic units called cells. The higher forms of living things consist of millions 
of cells, which vary greatly in shape, sire, and composition, depending on the 
functions to be performed. For instance, celk range all the way from bacterial 
cells so small that it is impossible to see them even when magnified 1,000 
times, to nerve cells more than a foot long and ostrich eggs weighing 45 
ounces. 

The cell is a complicated structure (Fig. 42) . The cell wall is the boundary 
of the cell separating it from other cells. The light staining area within the 
cell wall is the cytoplasm. It contains many interesting structures, but most 
of them are of more interest to cytologists than to poultrymen. The dark 
staining area in the cytoplasm is the nucleus. It varys greatly in size, shape, 
and structure in different cells. The nuclei of reproduaive cells are vital for 
' the transmission of hereditary characters. 

Continuity of germ plasm. The gametes and the cells which give rise to 
them constitute the germ plasm. The cells which take no direct part in the 
production of gametes are known as somatic cells. While the somatic cells 
75 
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ents. Not only do the offspring hatched from a single-comb White Leghorn 
mating resemble birds and chickens, but also the specific single-comb White 
Leghorns. A chicken is composed of many characters. Its physical characters, 
such as size, shape, type of comb, and color of plumage, axe easily seen. Its 
physiological characters, such as rate of growth, early maturity, and egg 
production, cannot be seen by looking at the individual The parents transmit 
both physical and physiological characters to their offspring through their 
gametes (reproduction cells). The science which deals with heredity and the 
origin of individuals is genetics. 

The Genetic Basis of Reproduction 

The cell. The component substance of living things is protoplasm. In 
higher iorms of pJanr and animal Ji/e ir is organized into small, usually micro- 
scopic units called cells. The higher forms of living things consist of millions 
of cells, which vary greatly in shape, size, and composition, depending on the 
functions to be performed. For instance, cells range all the way from bacterial 
cells so small that it is impossible to see them even when magnified 1,000 
rimes, to nerve cells more than a foot long and ostrich eggs weighing 45 
ounces. 

The cell is a complicated structure (Fig. 42). The cell wall is the boundary 
of the cell separating it from other cells. The light staining area within the 
cell wall is the cytoplasm. It contains many interesting structures, but most 
of them are of more interest to cyiologists than to poultrjTnen. The dark 
staining area in the cytoplasm is the nucleus. It varys greatly in size, shape, 
and structure in different cells. The nuclei of reproduaive cells are vital for 
the transmission of hereditar)' chataaers. 

Continuity of germ plasm. The gametes and the cells which give rise to 
them constitute the germ plasm. The cells which take no direa part in the 
production of gametes are known as somatic cells. While the somatic cells 
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cease to exist with the death of the individual whose body they constitute, the 
germ plasm may live on indefinitely in succeeding generations. 

In the higher vertebrates, including the fowl, the germ plasm of a single 
Individual cannot survive by itself; there must be successful union of the 
male and female gametes. The two cells pass on all the hereditary charaaers 
of the patents to the new oSspring. 

The t^uality of the germ plasm of any one individual is only half of the 
story; of equal importance is that from the opposite sex. If either gamete 
brings defective germ plasm, the body and the germ plasm of the offspring 
will suffet accordingly. 

Early history of the gametes. Even before tt is possible to tell whether 
the new individual will be a male or female, certain large cells in the embryo 
differentiate from their neighbors to become the primordial sex cells. They 
differentiate in the walls of the yolk sac and migrate to the developing gonads 
(reproduaive organs). Sexual differentiation of the embryo becomes ob- 
servable shotdy after the germ celk become established in the gonads. 

Development of male gametes. Part of the germ line, which migrated 
to the walls of the seminiferous tubules of the male gonads, becomes active 
when a cockerel reaches sexual maturity. These parent cells grow and divide 
(undergo mitosis) to form new cells. Parc of the new cells remain like the 
parent cells and take the place of others which grow, undergo maturation 
division (Fig. 43), and differentiate into slender mature spermatozoa (male 
gametes) . 

The nuclear material collects in the head of the male gamete. The flagella- 
like tail makes its appearance in the protoplasm and grows far beyond the 
original confines of the cell. Thus, a mature male gamete is a cell consisting 
Ksentially of a very compact nucleus provided with a flagellum which gives 
it the power of locomotion in a fluid medium. 

Development of female gametes. In the growing ovary of the embryo, 
the female germ cells grow and divide much the same as the male germ 
grow and divide in the testes. In die mature pullet the development of ova 
(female gametes) is different from the development of spermatozoa in the 
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F!9. 43. Chart outlinSng, for one generation, the history of the gametes ond the germ plasma 
from which they ore derived. 

moture male because of the amount of food stored as yolk in the cells. Hie 
food material, destined to be \ised by the embrj’o in its growth, is gradually 
accumulated in the ovum before it is liberated from the ovary. The accumula* 
tton of yolk requires about eight days. As the yolk accumulates, the nucleus 
and the cell cytoplasm are forced toward the surface. This is the germinal 
disc. It becomes the germ spot (blastoderm) on the yolk of the egg. 
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About the time of ovulation, the cell undergoes two maturation division. 
The yolk material does not divide. Therefore, one of the new cem has all the 
yolk and the other has none. The one without yolk degenerates. The one with 

the yolk is the mature gamete ready for fertilization- ^ 

Significance of chromosomes in heredity. When a resting cell (rig. 
42, a) starts to grow and divide, the dark-staining chromatin particles in the 
nucleus arrange themselves in one or more long, deeply stained threads (Fig. 
42, b). The threads break up into pairs of dark-staining segments of differ- 
ent shapes and sizes. These pairs of segments are the chromosomes. The num- 
ber and shape of chromosomes are constant for a given sp^ies of animaL 
The nucleus of the chicken male gamete contains at least thirty-six chromo- 
somes and that of the female gamete, thirty-five. The chromosomes arrange 
themselves about the equatorial plate between the two poles of the cell and 
then split lengthwise (Fig. 42, d). When the cell divides, each new cell con- 
tains the same kmd and number of chromosomes as the parent cell (Fig. 
42, h). 

In one of the last cell divisions, before mamre gametes are formed, the 
chromosomes do not split lengthwise but are redistributed instead. Half of 
each pair go into one of the new cells and half to the other. This is sometimes 
referred to as maturation or reduction division. The dbtribution of the 
chromosomes in the new cells is a matter of chance. Thus, in the words of 
Patten,^ 


In the game of life, the nuturation processes vimially shuffle the hereditary 
pack and deal out half a hand to each gamete. A full hand is obtained by draw- 
ing a partner from the "board” — by combining with some other gamete of the 
opposite sex. Hence, offspring resemble their parents because they play the game 
of life with the same kind of cards, but not, however, with ihe same hands. The 
minor differences in offspring, or the variations from the standard type that always 
go with these basic resemblances, ate due to variations in the distribution of genes 
during maturation. 


There are several sources of evidence which indicate that the hereditary 
charaaets are carried by the chromosomes: ( 1 ) The male and female gametes 
are the only things direaly involved in the formation of a new individual 
(2) The nuclei of the male and female gametes are the only parts of the 
gametes that are direaly concerned with fertilization, and the start of a new 
individual. (3) The chromosomes ate the only things that are alike in the 
male and female gamete nuclei, and it is known that both parents contribute 
^ually to the charaaets of the offspring (4) There is one more chromosome 
in a male gamete than m a female gamete. It will be seen (p. 80) that a dif- 
ference of one chromosome accounts for the difference between a male and 
a female chicken. (5) Sometimes the shape of one of the chromosomes of an 
** I*®"™' '™" of its parents when that 

■” * oftataete,. It *e,t(ote may be assumed 

that this ^..cnlar chromosome curies the determining hereditary factor for 

B. M. Pitten, Lsfe, Heredity and EvtJution, 
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the new charaaer. The work of mapping the chro- 
mosomes and tying up specific hereditary traits 
with them is a relatively new and Interesting field 
for study. 

Fertilization. The sperm ducts in the testes pro- 
duce a fluid, the semen, in which the spermatozoa 
are carried. The semen and its spermatozoa are de- 
posited in the oviduct at the time of mating. The 
spermatozoa are very motile and work their way 
to the anterior end of the oviduct, where they wait 
to fertilize the ovum. 

Once the swarm of spermatozoa reach the neighborhood of the ovum, 
they tend to remain there, held by some chemical interaction which is not 
fully imderstood. A cone of ovum cytoplasm rises up to meet one of the sperm 
cells and draws it into the ovum. Once a sperm has penetrated the ovum, the 
surface covering appears to undergo a chemical change and thickening which 
keeps out other sperm cells. 

The tail of the sperm cell drops off when it enters the ovum. There are now 
two nuclei in the ovum, one carrying the maturation division number of 
chromosomes (seventeen or eighteen) from the female parent, and the other 
carrying eighteen chromosomes from the male. The fertilized egg now carries 
the same number of chromosomes (thirty-five or thirty-six) as a cell from 
one or the other of its patents. The fertilized ovtun is known as a zygote. It is 
now ready to undergo cell growth, mitosis, differentiation, and development 
into a new individual. For details of embryo development, refer to Chapter 
Six 



Fig. 44. The chromosomes 
of the fowl. (After Hance.) 


The Inheritance of Sex 

Sex chromosomes. The chromosomes are of two kinds. Those dealing 
with sex are known as Z or sex chromosomes, and all the others are auto- 
somes. The male zygote contains at least thirty-five pairs of autosomes and 
one pair of sex chromosomes (Fig. 45). The female zygote contains the same 
number of autosomes, but only one sex chromosome. When maturation divi- 
sion takes place, one chromosome of each pair goes into the mature gamete, 
so that each mature male gamete contains thirty-five autosomes and one sex 
chromosome. The mature female gametes contain thirty-five autosomes, with 
half of them containing a sex chromosome, and the remainder containing 
none. If a male gamete fertilizes a female gamete which contains a sex 
chromosome, the resulting zygote will contain two sex chromosomes and will, 
therefore, develop into a male. On the other hand, if the male gamete fertilizes 
one of the female gametes which does not contain a sex chromosome, the re- 
sulting zygote will contain only one sex chromosome and will develop into a 
female. \i^en large numbers of fertilizations are considered, one should ex- 
pea as many males as females among the offspring. 
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Rhode Island Red Barred Plymouth Rook 
Mate SO Female 



Fig. 45. A dtogrom illuitraJlng the inherilon<» of ond the 
MX linkid thoroet*f for barring. Tb# Rhodo Itland Red mate 
ha» 17 pairs of ouloiome* ond 2 mx cbromoMme*. designoled 
Z, aisoclated tirHh *oeh of U rt»* gen* b for noo-borring. 

Tbo Borred Plymouih Ro«k femoU ho* 17 poir* of outoiomo* 
bgt only one *«x ehromotomo Z< ottodoled with which i> the »ex> 
linked gene B for borrlng, which l* dominant to non.berrlng. 
The mole progeny ore borred, whoreo* Iho femole progeny ere 
non<borrod. 


Sex-linked in- 
heritance. An indi- 
vidual is e<jual to the 
total of its genes. 
Since there are more 
characters that make 
up a bird than there 
are chromosomes in 
each of its cells, each 
chromosome must 
carry more than one 
character. The unit 
for a charaaer is 
known as a gene. 
One might compare 
each chromosome to 
a string of beads and 
each bead on the 
string to a gene. The 
characters (genes) 
carried on the Z or 
sex chromosomes are 
known as sex-linked 
characters. 

Sex-linked charac- 


ters ate transmitted from the dam to her sons but not to her daughters, al- 
though these same characters arc uatismitted from the sire to his sons and 
daughters alike. The results of mating a Barred Plymouth Rock hen and 
a Rhode Island Red male may be us^ to illustrate sex linkage. The male 
offspring from such a mating are barred and the females are black. When 
the Barred Plymouth Rock female’s gametes containing the sex chro- 
mosomes unite with those from the male’s, which also contain the sex chro- 
mosomes, zygotes result which contain two sex chromosomes. These unions 
result in males with barring. The female’s gametes without the sex chromo- 
somes, upon uniting with the male gametes, result in zygotes with only one 
sex chromosome. These unions result in black females. Barring is therefore a 
sex-linked gene, two sex chromosomes in an individual resulting in barring 
and one sex chromosome resulting in the absence of it. Other sex-linked 
charaaers of praaical importance ate btoodiness, slow feathering, and early 
mamtity. 


Sex-Unked matings for the determination of sex at hatching time. 
The kriowledge of sex linkage can be used in mating birds so that the sex of 
the chicks can be determined at hatdiing time by the down patterns. If 
Barred Plj-mouth Rock females are mated with Buff Plymouth Rock, Rhode 
Island Red, or White Wyandotte males, the male offspring will be black on 
top of the body with a white spot on the head and yellow shanks and beak. 
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Fig. 46. Flight {eath«r development in day-old male ond female chicks from crossing a White 
leghorn male vith a Rhode Island Red femole. Note the well-developed flight feather of the 
female (right) ond the very short flight feathers of the mole (left). 


The females will be solid black oq top of the body with dark shanks and 
beak. 

If males of the Mediterranean class are mated with slow feathering females 
of the American, English, and Asiatic classes, the female day-old chicks will 
have well-developed wing feathers (Fig. 46). The males will have very short 
primary wing feathers or else none. 

Strains of most common breeds may show either slow or rapid feathering. 
At hatching time it is possible to determine the sex of the chi^ from either 
of these strains by wing feathers, as noted above. The same thing should be 
possible with any breed or variety. 

The sexe*s of Barred Plymouth Rock chicks can be determined with 90 
to 95 per cent accuracy by the down color on the top of the head of the 
chicks and by shank color. The cockerel head spot is irregular in outline and 
scattered in appearance. The color of the shank is lighter than that of the fe- 
male and blends with that of the foot. Tlie pullet head spot is more regular 
in outline and does not exhibit the scattered appearance present in the 
cockerel head spot. The pullet shank is usually black or dark amber in color. 
The dark color in the typical female chick terminates abruptly at the base of 
the shank or a short distance out on the toes and the remainder is lighter in 
color. 


The Inheritance of Characters 

Mendelism. The discovery of the law governing the inheritance of a pair 
of characters was made by Gregor Mendel and published in 1865. Mendel- 
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Fig. -48. Diagram shewing the transmission of two independent simple characters from genera* 
lion to generation. 

sive. In this case, cose comb is dominant to single comb, or single comb is 
recessive to rose comb. 

Half of the gametes from the Fj generation will carry the factor R and 
the others will carry r. If birds of the Fj generation are mated among them- 
selves, parr of their offspring will have rose combs and part will have single 
combs. The ratio, subject to sampling error, will be three rose combs for each 
single comb. If an R gamete from one sex unites with an R gamete from the 
other se?^ the resulting rygote will carry die factor RR which is pure for rose 
comb. If an R gamete of one sex imites with an r gamete from the opposite 
sex, the resulting zygote will carry the faaor Rr. Since R is dominant to r, 
the offspring will have rose comb, but it will be impure. If an r gamete from 
one sex unites with an r gamete from the opposite sex, the resulting zygote 
will carry the factor rr, which is pure for single comb. The birds RR and rr 
are homozygous; that is, they are pure for the comb charaaer. The birds Rr 
are heterozygous; that is, they are impure for the comb characters. The ratio 
of rose-comb birds to single-comb birds as they appear in the Fo generation 
is three to one. This is the phenotypic ratio. The ratio with reference to purity 
for comb character is 1:2:1, This is the genotypic ratio. 

Inheritance of two pairs of characters. The crossing of a Black Wyan- 
dotte with a White Plymouth Rock may be used to illustrate the inheritance 
of two pairs of characters. 

It is customary to designate dominant charaaers by capital letters and 
recessive charaaers by small letters. Rose comb (R) is dominant to single 
comb (r), and black (B) is dominant to white (b). The F, generation 
produces four possible kinds of gametes (Fig. 48) instead of only ovo, as in 
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the mhciitance of one pair of characiers. Since four kinds of gametes we 
produced by each sex, the possibilities for the segregation and recombmatjon 
of the characters is four times as great as in fiie case when only two kinds of 
gametes are formed. The F, zygou'c ratios then become 9 rose-comb b!ack, 

3 rose-comb white, 5 singleiomb bfack, and I single-comb white, or 9:3:3:1. 
If comb atone is considered, there are 12 rose combs and A single combs, a 
3-1 ratio. If color alone is considered, there are 12 blacks and 4 whites, or a 
3:1 rafto. These ratios are what n'ould be expected when two pairs of cbai- 
actets are inherited independently of each other. Of the sixteen xygotes 
formed, one is homcuygous for rose comb and black color, and one is homo- 
zygous for both single comb and white color. These zygotes are different 
from those of die original parents and of the Fj generation and could have 
been produced only through the random assortment of the chromosomes- All 
the other zygotes are genetically different from those of the original parents. 

The inheritance of several pairs of characters. When more than two 
jairs of charaaers are involved and the different genes producing the chai- 
aacrs are on different chromosomes, the segregation and assortment of chacac- 
rers behave in the same way as the iohctitance of one or two pairs of 
characters. The numbet of different kinds of gametes formed by the Fj. genera- 
tion is doubled with each additional Aaraaer involved. On the other hand, 
for each additional charaaer involved there is an increase by four in the 
number of Fj individuals rerjuired to secure the appearance of the vatious 
combiiutions of characters testing from the chance combination of the dif' 
feient kinds of Fj gametes. (Table 11.3 
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Table 13 


SOME DOMINANT AND RECESSIVE CHARACTERS IN CHICKENS 


Character 

Dominant of RcccitiTC 

Sex-li&ked 

White plumage 

In White liCghoms, dominant to color 

In Plymouth Rocks and Wyandottes, re- 



cessive to color 


Black plumage 

Dominant to recessive white 


Buff plumage 

Dominant to recessive white 


Barred plumage 

In Plymouth Rocks, dominant to nonbar- 
ring 

Yes 

White skin and shank color. 

Dominant to yellow skin and shank color 


Rose comb 

Dominant to single comb 


Side sprigs 

Dominant to normal comb 


Feathered shanks 

Dominant to nonfeathered shanks 


Qose feathering 

Dominant to loose feathering 


Slow feathering 

Dominant to rapid feathering 

■9 

Early sexual maturity 

Dominant to late sexual maturity 

El 

Broodincss 

Dominant to nonbroodiness 


Winter pause 

Dominant to continuous laying 

91 


Ic is interesting to note that white is not always dominant. It depends on 
the breed. While white is dominant to color in the Leghorn, it is recessive to 
color in the Wyandotte and Plymoudi Rock. 

The inheritance of about fifty charaaers has been determined to date. 
With some characters the determination of their Mcndelian inheritance is 
slow because many genes are involved. Furthermore, the expression of char- 
aaers may be influenced by environment hormones, feeding, and manage- 
ment practices. For instance, a bird may have inherited the genes for high egg 
production but may not lay well because it is fed a poor ration. 

Testing for purity of characters. An impure recessive charaaer may be 
carried in a flock for generations without being deteaed, if matings are made 
with birds which are pure for the dominant gene. The impurity^ may aop 
out unexpeaedly when two impure individuals are mated. 

Some White Wyandotte flocks produce a few single-comb chicks. This 
indicates a single-comb impxitit)' in the flock, as Wyandottes have rose combs. 
Since rose comb is dominant to single comb, the birds that appear with single 
comb are homot:)'gous for this charaaer. They should be culled out. Parc or 
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the rose-comb birds in the flock will be homozygous and part will be hetero- 
zygous. To test for impurity, mate each bird with a recessive single-comb bird 
and hatch about sue chicks. If no siogle<omb chicks appear in the lot, the 
rose-comb bird was pure for this character. 

A general rule that may be applied for testing genetic constitution is to 
mate the bird to be tested with one that carries the pure recessive charaCTer. 
If none of the offspring show the recessive character, the animal was pure 
for the dominant character. 


Isiodificatiom of Metidelian Inheritance 


Linked genes. Some characters possessed by a bird in an original cross 
may be tarried on into the F, gencraiion. They do not follow the Mendelian 
laws of inheritance. The genes giving rise to these characters are said to be 
linked together on the same chromosome. The genes for single comb and 
short legs (creeper condition) exhibit linkage. The opposite to linkage is 
crossing over. Here there is an interchange of parts of the same pair of chro- 
mosomes. The practical significance of linkage and aossing over in poultry 
breeding work is yet to be demonstrated. 

Lethal genes. Recent studies have shown that certain genes, when in 
homozygous condition, kill the chick embryo. An example is the cross be* 
tween creeper and normal chickens. The creeper condition is a dominant 
factor. The F* generation should give 3 creepers to 1 normal chicken. Instead, 
there are 2 aeepers for each normal bird. The pure homozygous individual 
dies in the embryonic state. Sticky embryos are recessive to normal. The 
“sticky" character is lethal when homoqrgous. 

Complementary genes. The normal 9:3:3:1 ratio for the inheritance of 
two pairs of characters is sometimes dianged by different genes producing 
like effects or having complementary effects. The mating of White Silkies 
and White Dorkings may be used for illustration. The Fj generation is col- 
ored. The F, generation shows 9 colored for every 7 white birds. The last 
three groups of the usual 9:3:3:l series cannot be distinguished by appear- 
ance because an individual containing only one of the dominant genes, 
whether in homozygous or heterozygous form, looks exactly like an indi- 
vidual that carries neither of them. 


Mutations. A new charaaer may appear unexpeaedly in one generation 
and be transmitted through inheritance to succeeding generations The new 
^acter ts called a “sport” or a “mutation." It is brought about by a chance 
in a gene. The White Plymouth Rock originated as a "sport” from the barred 
variety. 

Complex charaaers. Not all charaaers are due to single genes For in- 
sunce, Uymg petfornunce is a complex charaaer in which several genes 
of eggs a bird will Jay depends on such 
and o?he^rK ^ jmensity. persistency, and nonbroodiness. These 

and other charaaers will be discussed m the following chapter. 
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REVIEW QUESTIONS 

1. Differentiate between the physical and physiological characters of a chicken. 

2. What are the principal parts of a cell? 

3. What are gametes? 

4. Where are hereditary characters carried in gametes? 

5. Differentiate between ordinary mitosis and reduction or maturation division 
of gametes. 

6. What are some of the proofs that hereditary characters are carried in the 
chromosomes? 

7. Explain the process of fertilization or the formation of a zygote. 

8. Differentiate between autosomes and sex chromosomes. 

9. What is a gene? 

10. What are sex-linked characters? 

11. What use is made of sex-linked matings? 

12. Differentiate between dominant and recessive characters. 

13. List some dominant and recessive charaaers of practical significance. 

14. List some sex-linked characters of practical significance. 

15. How would one test for impurity of a charaaer in a flock of birds? 

16. Name some lethal genes. 

17. What is a mutation or sport? 

18. What is Mendelism? 

19. Why is it difficult to breed for more than one or two charaaers at a time? 

20. Differentiate between the funaions of autosomes and sex chromosomes. 

21. Why are there often marked variations among offspring from the same 
parents? 

22. The female transmits sex-linked charaaers to which sex of her offspring? 
Explain. 

23. Is the same charaaer dominant in all breeds? Give an example. 
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the rose-comb birds in the flock will be homozygous and part will be hetero- 
zygous. To test for impurity, mate each bird with a recessive smgle-comb biro 
and hatch about six chicks. If no singlc-comb chicks appear in the lot, the 
rose-comb bird was pure for this character. 

A general rule that may be applied for testing genetic constitution is to 
mate the bird to be tested with one that carries the pure recessive character. 
If none of the offspring show the recessive character, the animal w’as pure 
for the dominant character. 


Modifications of Mendelian Inheritance 

Linked genes. Some charaaers possessed by a bird in an original cross 
may be carried on into the generation. They do not follow the Mendelian 
laws of inheritance. The genes giving rise to these characters are said to be 
linked together on the same chromosome. The genes for single comb and 
short legs (creeper condition) exhibit linkage. The opposite to linkage is 
crossing over. Here there is an interchange of parts of the same pair of chro- 
mosomes. The practical signi£<^nce of linkage and crossing over in poultry 
breeding work is yet to be demonstrated. 

Lethal genes. Recent studies have shown that certain genes, when in 
homozygous condition, kill the chick embryo. An example is the cross be- 
tween aeeper and normal chickens. The creeper condition is a dominant 
factor. The Fj generation should give 3 creepers to 1 normal chicken. Instead, 
there are 2 creepers for each normal bird. The pure homozygous individual 
dies in the embryonic state. Sticky embryos are recessive to normal. The 
"sticky” character is lethal when homozygous. 

Complementary genes. The normal 9:3:3:1 ratio for the inheritance of 
two pairs of charaaers is sometimes changed by different genes producing 
like effe^ or having complementary effects. The mating of White Silkies 
and White Dorkings may be used for illustration. The F, generation is col- 
ored. The Fj generation shows 9 colored for every 7 white birds. The last 
three poups of the usual 9t3:3:l series cannot be distinguished by appear- 
ance because an individual containing only one of the dominant genes, 
whether in homozygous or heterozygous form, looks exaaly like an indi- 
vidual that catties neither of them. 

Mutations. A new chatacttr tmy appear unexpectedly in one generation 
and be ttansmmjl through inheritance to succeeding generations Tbe new 
^ctet a spon or a "mutation.” It is brought about by a change 

m a gene. The White Plymouth Rock originated as a -Ipott" from the barred 
variety. c 

Complex characters. Not att characters ate due to single genes. Pot in- 

” which several gen« 

rh,r,e r Gvnv^lly, the nmnbet ot egg, a bird will lay depends on such 
!!!?..“ ! “ petsUtency, and notfbtoSiness. These 


and other charaaers will be discussed’ 


in the following chapter. 
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REVIEW QUESTIONS 

1. Differentiate between the pbyiical and physiological characters of a chicken. 

2. What are the principal parts of a cell? 

3. What are gametes? 

4. Where are hereditary characters carried in gametes? 

5. Differentiate between ordinary mitosis and reduction or maturation division 
of gametes. 

6. What ate some of the proofs that hereditary characters are carried in the 
chromosomes? 

7. Explain the process of fertilization or the formation of a zygote. 

8. Differentiate between autosomes and sex chromosomes. 

9- What is a gene? 

10. What are sex-linked charaaers? 

11. What use is made of sex-Unked matings? 

12. Differentiate between dominant and recessive characters. 

13. List some dominant and recessive characters of practical significance. 

14. List some sex-linked characters of practical significance. 

15. How would one test for impurity of a character in a flock of birds? 

1 6. Name some lethal genes. 

17. What is a mutation or sport? 

18. What is Mendelism? 

19. Why is it difficult to breed for more than one or two characters at a time? 

20. Differentiate between the funaions of autosomes and sex chromosomes. 

21. Why are there often marked variations among offspring from the same 
parencs? 

22. The female transmits sex-linked characters to which sex of her offspring? 
Explain. 

23. Is the same charaaer dominant in all breeds? Give an example. 
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the rose-comb birds in the flock will be homozygous and part will be hetcro- 
wsous To test for impurity, mate each bird with a recessive s.ngle-coinb bird 
and hatch about six chicks. If no single-comb chicks appear in the lot, the 
rose-comb bird was pure for this character. 

A general rule that may be applied for testing genetic constitution is to 
mate the bird to be tested with one that carries the pure recessive character. 
If none of the offspring show the recessive character, the animal was pure 
for the dominant charaaer. 


Modifications of Mettdelian Inheritance 


Linked genes. Some characters possessed by a bird in an original aoss 
may be carried on into the Fj generation. They do not follow the Mendelian 
laws of inheritance. The genes giving rise to these characters are said to be 
linked together on die same chromosome. The genes for single comb and 
short legs (creeper condition) exhibit linkage. The opposite to linkage is 
crossing over. Here there is an interchange of parts of the same pair of chro- 
mosomes. The praaical significance of linkage and crossing over in poultry 
breeding work is yet to be demonstrated. 

Lethal genes. Recent studies have shown that certain genes, when in 
homozygous condition, kill the chick embryo. An example is the cross be- 
tween creeper and normal chickens. The creeper condition is a dominant 
factor. The F, generation should give 3 creepers to 1 normal chicken. Instead, 
there ate 2 creepers for each normal bird. The pure homozygous individual 
dies in the embryonic state. Sticky embryos are recessive to normal. The 
"sticky” character is lethal when homozygous. 

Complementary genes. The normal 9:3;3:1 ratio for the inheritance of 
two pairs of charaaers is someiimes changed by different genes producing 
like effects or having complementary effects. The mating of White Silkies 
and White Dorkings may be used for illustration. The generation is col- 
ored. The Fj generation shows 9 colored for every 7 white birds. The last 
three groups of the usual 9:3:3: 1 series cannot be distinguished by appear- 
ance because an individual containing only one of the dominant genes, 
whether in homozygous or heterozygous form, looks exactly like an indi- 
vidual that carries neither of them. 

Mutations. A new charaaer may appear unexpectedly in one generation 
and be transmitted through ioheritanre to succeeding generations. The new 
^aacr b called a "sport” or a "mutation.” It b brought about by a change 
in a gene. The White Plymouth Rock originated as a "sport" from the barred 
variety. 


Complex charaaers. Not all chataaers ate due to single genes. For in- 
stana, hying performance b a complex charaaer in which several genes 
are invoUed. Genetically, the number of eggs a bird will hy depends on such 
ch^crers « early maturity, intensity, persistency, and nonbroodiness. These 
and other charaaers will be dbcussed in the following chapter. 
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REVIEW QUESTIONS 

1. Differentiate between the physical and physiological characters of a chicken. 

2. What are the principal parts of a cell? 

3. What are gametes? 

4. Where are hereditary characters carried in gametes? 

5. Differentiate between ordinary mitosis and reduction or maturation division 
of gametes. 

6. What are some of the proofs that hereditary characters are carried in the 
chromosomes? 

7. Explain the process of fertilization or the formation of a zygote. 

8. Differentiate between autosomes and sex chromosomes. ' 

9. What is a gene? 

10. What are sex-linked characters? 

11. What use is made of sex-linked matings? 

12. Differentiate between dominant and recessive characters. 

13. List some dominant and recessive characters of practical significance. 

14. List some sex-linked characters of practical significance. 

15. How would one test for impurity of a character in a flock of birds? 

16. Name some lethal genes. 

17. What is a mutation or sport? 

18. What is Mendelism? 

19. Why is it difficult to breed for more than one or two charaaers at a time? 

20. Differentiate between the functions of autosomes and sex chromosomes. 

21. Why are there often marked variations among offspring from the same 
parents? 

22. The female transmits sex'linked characters to which sex of her offspring? 
Explain. 

23. Is the same character dominant in all breeds? Give an example. 
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Poultry-breeding work during the period 1860—1910 was largely con- 
cerned with the development of new breeds and varieties. That the work 
was quite successful is evidenced by the many classes, breeds, and varieties of 
chickens (Chapter Two). Since about 1910, interest in poultry-breeding 
work has centered around the improvement of poultry for meat and egg 
production purposes. Birds with a first-year production of three hundred eggs 
are now as common as two-hundred-egg birds were thirty years ago. Yet, in 
the light of newer knowledge of breeding method, it appears that poultry 
breeders are merely on the threshold of the possibilities that lie ahead. There 
is a need for a larger number of breeders mote thoroughly informed concern- 
ing the fundamental faaors involved in the selection of breeding stock for 
the development of superior strains. 

Selection of Breeding Stock 

Seleaion of males and hens for the breeding flock is more of a problem 
than is generally believed. Like individuals do not always beget like individ- 
uals, as shown in the preceding chapter. Physical characters, such as size, 
shape, and color, may be seen and judged by looking at the individual. Phys- 
iological characters, such as livability, egg production, and hatchability, can- 
not be seen and measured by looking at the bird. 

Selection of breeding stock should be based on the laws of hereditary trans- 
mission of charaaers. Attempts should be made to segregate individuals pure 
for desirable genes, and then to assemble in new individuals desirable combi- 
nations of genes by proper mating. Information regarding a bird s genetic 
makeup may be obtained from the individual, its ancestry, its sibs, its re- 
produaive performance, and its ptogeny. The latter two are by far the most 
important. Much mote emphasis should also be placed on the selection of 
males than females, because each male is mated with from ten to twenty fe- 
males and produces several times as many offspring. 

Selection of individuals. The first step in poultry-breeding work is the 
selection of males and females to be used as breeders. The seleaion should 
be based on (1) vigor, (2) breed and varietal charaaeristics, and (3) pto- 
duCTion charaaeristics. 



ftg. 49 A Ujhofn ««ck«f«l wifh high vctollty (on ih* right) ond en« with lew »itoIify (en 
the Uft). 


Vigor. Good health or vigor ts the first prerequisite for a bird that is to 
be used in the breeding pen. It is shown by behavior and body characteristics 
(Fig 49) . The contrasts in charaaers, as shown by birds with good and poor 
vigor, are summarized in Table t4. 

Birds with good vigor are interested in things going on around them and 
arc aaive- They walk, run, fiy, forage, scratch, sing, cadtle or crow, and show 
sex interesL It was observed at Cornell University that a group of five males 
with good vigor mated 132 times with hens during twenty hours of observa- 
tion, while a similar number of average vitalit)’ mated 64 times, and the 
group with low vitalit)’ only 39 times. Birds w’ith low vitality have just the 
opposite behavior traits of those with good vitalit)'. 

Birds W’ith good vigor have a broad, long, deep body, with a good capacity 
for handling feed and manufacturing eggs (Fig. 50). Other things being 
equal, birds with good, compact body size are better able to withstand long, 
intensive egg produaion than birds w’iih small body size. 

The head gives a good indication of the health of the bird. Rice has said, 
“The bird carries its health certificate on top of its head." meaning the comb. 
\ large, bright red comb indicates good vigor, while a small, pale, or dark 
comb indicates low viality or a diseased condition. If the comb is large and 
bright red, the c)es will be bright and prominent, the face well colored, and 
the wattles red. 

The plumage of vigorous birds b close and the feathers are "well kept," 
glo«). and unbroken. Vigorous birds generally molt bte and quickly. Birds 
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Table 14 


VIGOR CHARACTERISTICS OF BREEDING BIRDS 



Goad Vigor 

Poor Vigor 

Character Behavior 



Activity 

Very active 

Inactive, tired 

Attitude 

Alert 

Drowsy 

Voice 

L'row or cackle and sing 

Quiet 

Sex interest 

Gallant or coquettish 

Lack of interest 

Appetite 

tat well, full crop 

Eat little 

Roosting 

Up early, retire late 

Spend much time on perches 

Body Characteristics 



Shape 1 

Parallelogram 

Triangle 

Back 

Broad, extends well back 

Narrow, wedge shaped 

Keel 

Long, extends well forward 

Short 

Breast 

Full, plump 

Shallow, thin 

Abdomen • 

Deep, full 

Tucked up 

Size ! 

Generally large, compact 

May be small 

Head 

Broad, round 

Long, thin, fiat 

Beak 

Short, heavy, curved 

Long, thin, fiat 

Comb 

Large, bright red, warm 

Small, pale, or purple 

Eye 

Large, bright, prominent 

Dull, sunken 

Plumage 

Close, glossy 

Loose, dull 

Wings 

Folded against body 

Drooping 

Tail 

Upright 

Drooping 

Shanks 

Short, thick 

Long, thin 


with poor vigor may not molt, and the plumage may be irregular and thin. 
One should take past production into consideration when judging vigor by 
plumage. Oftentimes birds that have been laying for a long period of time 
will have poorly kept plumage. They apparently are so busy producing eggs 
that their plumage is neglected. 

Breed and variety characteristics. Individuals should be selected that 
are free from general disqualifications (p. 42) and that conform to the de- 
scription of the breed and variety as given in the American Standard of Per- 
feaion. 

While it is true that there is probably very little relation between the re- 
finement of type and color of a bird and its production, yet one should retain 
the identity of the breed and variety in the flock. The buyers of poultry will 
pay more for Standard-bred stock than for birds that lack a definite breed 
and variety identity. 

The breeding problem is simplified by choosing a variety with a solid 
color, such as white, in preference to one with shaded or mixed color (bar- 
ring). The white color does not create a breeding problem. Barring is a 
problem because definite dark and light and narrow bars are preferred. As 
illustrated by the principle of segregation of characters in the preceding chap- 
ter, if a bird with small-egg sire is crossed with one for large-egg size and the 
Fj generation mated among themselves, about one bird out of every four 






FIq. 50. The woy In which bird* of high and lew vitality fll o porotlelogram and two ItI> 
anglit. This cUerly brings out tho points of weakness In development of keel, breast, end 
ebdemen in the iowVitolity bird. 


will b« pure for large-egg size. If one had to sele« for a desirable type of 
barring as well as egg size, only about one bird out of sixteen would have the 
proper egg size and barring. 

Production charaaeclsiics. It is possible to secure an indication of a hen’s 
present, past, and future egg production by physical examination of the bird. 
CharaCTcristlcs observed and their significance are summarized in Table 15. 


Distinguishing layers from nonlayers. In selecting good producers and 
culling the unprofitable birds, it is necessary to be able to distinguish hens 
that are laying from those that are not laying. 

The color of comb and wattUs gives some indication of present production. 
When the ovary starts to funaion and yolks start to develop, the comb and 
wattles increase in size and become bright red in color. If a bird is about ready 
to lay or is in produaion, she has a Urge, bright red, smooth, glossy comb, 
and full, smooth wattles (Fig. 51). Near the end of a Uymg period and when 
produaion stops, the comb shrinks and becomes dull, dry and shriveled 
Coition of the vent is used lo indicate produaion. The vent of a hen in 
produaion ts large, oval or elliptical, and moist. When a bird is out of produc- 
tion, the vent is shrunken, puckered, and dry (Fig. 52). 

puhic bonei indicates the hying condition of a 
InrJlT' “K> laying condition, the pubic bones (Fig. 

them, when a bird is in produaiot 
»ill at least one arid one-half inches, even in small fowls, and may be as 

hnger (about ihrec-founhs of an inch) between the pubic bones indicates 
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CULLING AND SELECTION 

OUTLINE 


Distinguishing Layers from 

Nonlayers 

CHAIlACTEk 

Laying Hen 

Nonuayinc Hen 

Comb 

Large, red, full, glossy 

Small, pale, scaly 

Eye 

Bright 

Dull 

Vent 

Large, dilated, oblong, 
moist 

Small, contracted, round, dry 

Pubic bone spread 

Two or more fingers 

Less than two fingers 

Abdomen and spread 

Soft, pliable 

Full, hard 

Three or more fingers be- 

Less than three fingers between 


tween pubic bones and 
keel 

keel and pubic bones 


Estimating Past Production 


Long Laying Peiiod 

Short Laying Period 

Vent 

Bluish white 

Flesh colored 

Eye 

Prominent, sparkling 

Dull, sunken 

Eyelids 

Thin, edges white 

Thick, yellow tinted 

Earlobes 

Enamel white * 

Yellow tinted 

Beak 

Pearly while 

Yellow tinted 

Shanks 

White, flat 

Yellow, round, smooth 

Plumage 

Worn, soiled, close 

New, glossy, clean, loose 


feathered 

feathered 

Estimating Merits of Good and Inferior Layers 


Goog Layer 

Poor Latex 

. Pigmentation 

Well bleached 

Yellow pigment 

Molt 

Late, rapid, laying during 
molt 

Early, slow 

Persistency of pro- 

Laying in August and Sep- 

Out of production in August and 

duction 

tember 

September 

• Mediterranean 

class birds. 



that the hen is not laying. A space greater than the width of two fingers 
usually shows that she is laying. 

Long production causes the pubic bones to become thin and pliable. In 
nonlayers these bones are thick and less flexible. 

A soft, pliable abdomen indicates that a bird is in production. A full, hard 
abdomen indicates a nonlaying bird. A pullet or a nonlaying bird has a depth 
of only about two fingers between the pubic bones and the keel (Fig. 54). 
As the fowl comes into production, the abdomen expands, the keel drops 
down, and the space between the pubic bones and keel has a depth of three 
or more fingers. 

Indications of good layers. The selection of hens should not be based 
on their present laying condition alone. The fact that a hen is laying at the 
time of examination is no proof that she is a good producer. Almost any hen 
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will Uy during th« spring. If she is not laying in July and August of the year 
after she was hatched, she b likely to be a poor layer. 

Although trap-nesting is the best way to ascertain the exact ntimber or 
eggs a hen has there are easUy cfeserted changes rn physical 
which indicate a bird’s past bying performance. These include pigmentation 
and molt. 

Pigmentation gives some information regarding a bird’s past production, 
in of hens having yellow skin and shares. During the period of produc- 
tion, the j’cllow xanthophyl pigment in the feed eaten b used for coloring 
the yolks and the body graduaUy loses its reserve supply of yellow pigment. 
The cider of disappearance of pigment from the btxiy and the approximate 
period of e^ produaion retpiired to bleach the body structures are as fol- 
lows: 


Vent 1— 2 weeks 

Eyc tings and earlobes 2—4 weeks 

Beak 6- 8 weeks 

Shanks 12-20 weeks 


The pigrueni first leaves those structures having the best blood cbculation. 
It leaves the beak from Oie base towards the tip and the front of the shanks 
before the back part. When a bird stops produaion, the pigment returns in 
the same order as it left and approximately twice as fast. 

The tatc ni proAua'iois ani die kind ol ration alter the rapidity with which 
pigment ts lost from the body. Birds laying at a high rate lose pigment more 
rapidly than those laying at a low rate. Birds kept in confinement or fed very 
little yellow corn or alfalfa lose pipnent much more rapidly than those re- 
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Fig. 52. Th« Influence of egg production on the condition of the abdomen and vent, left, a 
bird in production. Note the large tpoce between the pubic bones and keel, and the large, 
ovol vent. Right, a bird out of production. Note the smoll spoee between the puble bones 
and keel, and the small, flot vent. 

ceiving an abundance of xanthophyl pigment from green grass range, yellow 
corn, or alfalfa. 

Molt may be used to indicate a bird’s laying ability. Both the time and 
duration of molt should be considered. 

The early molter is usually a poor layer. The normal molt occurs during 
the summer and fall of each laying year. Poor producers frequently stop lay- 
ing in June or July and begin to drop their feathers. They usually take a long 
time to complete their molt and as a rule lay no eggs during this period. They 
seldom start to lay before December or January, late molters, after a rest of 
only a month or two, also begin to lay in December or January. 

It takes about six weeks for a new feather to grow out in either a low or 
a high producer, but the latter grows more feathers at a time, thereby com- 
pleting the molt much more quickly than a low producer. Exceptionally good 
hens may molt and lay at the same time. 

The order of the molt is as follows: head, neck, breast, body, wings, and 
tail. If birds are selected in the early fall, the plumage of the good layers will 
show wear and tear, and is usually soiled. The early molting hens will have a 
growth of new feathers. The webs of the new feathers are glossy and bright in 
contrast to the dry, frayed webs of the old ones. The new quills are large, full, 
and soft. The quills of the old feathers are small, hard, and nearly transparent. 
A few pinfeathers in the neck may indimte a short molting period without 
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Tig. 53. Th« lnftu«n<# «l «gs proditetion on the tondilien ©f iKe p«bU bents end obdom«n* 

« bUd In prodweticn. Not* lt»* wld* spot* b*h*een 1>ie pwbie bents, ond the loot* 
abdem«n. Right, e bird ©yf of prodoetlon. Not* th* itnell spot* b*tw**n th* pwbte bon** 
and th* tight obdomen. 

a stop in production. When the molt extends to the body and wings, the 
hen usually stops laying and the molt becomes complete. 

It is possible to estimate when the molt began by counting the number of 
wing feathers. The primary feathers are the stiff flight feathers seen on the 
outer part of the wing when it is spread out (Fig. 55). They are separated 
from the secondary feathers by a short feather (axial feather). There are 
usually ten primary feathers on each wing, and they are molted from the axial 
feather toward the tip of the wing. Early and slow molters generally drop one 
ot TWO piimaty (eatheia at a time. Late and fast-molting biids shed thiee or 
more primary feathers at a time. Since it takes about six weeks to grow a new 
wing feather, and two-thirds of the growth is made during the first three 
weeks, one can estimate the time of wing molt by observing the number and 
length of the new primary wing feathers. The new feathers will be dean and 
bright widi a soft quill and broad oatline. The old primaries are much more 
faded, soiled, worn, and pointed. 

The trap-nest record. The trap-nest record gives the true picture of a 
bird's egg-Uying performance. It not only gives the number of eggs laid, but 
b necessary for a study of egg characters and individual reproductive per- 
formance (p. 120). 

Ancestry. A good individual with good ancestry is to be preferred to one 
with poor ancestry because it is more Ukely to catty the genes for the desired 
charaaer. It should be remembered that good ancestry only betters the 


Breeding Practices 


97 



Ftg. 54. The space between the pubic bones ond the keel Indleotes the laying condition of a 
bird. Left, a bird out of production, with o narrow spoee between the pubic bones end keel 
and 0 herd, full abdomen. Right, a bird in production, with a wide spoct between the pubic 
bones end keel and a soft, pliable abdomen. 

chances; it does not guarantee purity. The greater the variation in the environ- 
mental conditions, the ration, and management practices, the less the reliance 
that can be placed upon the ancestors’ records of production in the selection 
of progeny for future breeding purposes. 

Sibs. *^6 records of the brothers and sisters in a family furnish further 
evidence of an individual's desirability as a breeder. 'The probability is greater 
that the bird under consideration is pure for the genes for the charaaers he 
carries when his brothers and sisters have the characters. j ' 

Reproductive performance. A bird will be of little value as a breeder un- 
less it reproduces well. It may lay many eggs but still be of little value as a 
breeder if it has few or no progeny. 

Fertility of eggs is the first limiting factor determining the number of off- 
spring. Low fertility may result from sterility or partial sterility of the male, 
barrenness of the female, aversion or favoritism on the part of the male, or a 
lack of sex interest in either sex. Insofar as known, fertility is an individual 
characteristic which is not hereditary. It remains more or less constant in an 
individual from year to year. There appears to be no relation between fertility 
and hatchability. 

Hatcbability is an inherited character. A hen may lay a large number of 
fertile eggs, yet many of the embryos will die in the shell. The poor hatch- 
ability may be due to lethal genes. Some of these are stickiness, deformed 
mandibles, and malpositions of embryos. 
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fig 55. A diagram lowing weeVIy stages oi Ae wing molt. Tile block portions represent 
tbe oM <e«tb«ts, wMl« the new ones ore represented by the feother outlines. (Cornell Bulle- 
tin 503.) 


Livability oJ chicks hatched is the finai measure of a bird's reproductive 
peiformance. Chicks from cert^ matings ate known to live well, while those 
from different matings, kept under identical conditions, have higji mortality. 
It is not known deEnitely that livability Is inherited- However, it is a good 
praaice to use only breeders whose progeny live welL 

Progeoy. The final proof of a bird’s value as a breeder is its ability to trans- 
mit desiiablc charaaeis that it possesses to its offspring. Selection of female 
breeders on the basis of their first year trap-nest records failed to improve egg 
production in the Maine Experiment Station dock. "When selection of cock- 
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erels and pullets for breeders was made from the best families of that year, 
a steady increase in production was obtained. 

Systems of Breeding Poultry 

Once individual breeders have been selected, they are bred according to 
one of three systems. These are: inbreeding, crossing, and closed flock breed- 
ing. 

Inbreeding. Inbreeding is the mating together of relatives. Since there 
are different degrees of relationship, there are also different degrees of in- 
breeding. The term "close inbreeding" ts used to refer to the mating of broth- 
ers and sisters or parent to offspring. 

The purpose of inbreeding is to intensify desirable characters — that is, to 
secure them in more homozygous condition. Inbreeding is used on poultry 
farms to develop strains for high egg production, large eggs, good meat type, 
good livability, etc. 

Inbreeding may result in reduced vigor and a decline in hatchability unless 
the birds are selected for good vigor and hatchability, as well as the particular 
character that is to be improved. It must be remembered that, if a bird is 
selected for a good charaaer and it should happen to have a bad one and if it 
is inbred to intensify the good one, the bad one will also be intensified. 

At the University of Wisconsin, Rhode Island Red pullets and cockerels 
were selected on the basis of plumage color. Vigor, egg produaion, and 
hatchability were not considered. After four years of inbreeding, in which 
brothers and sister matings were used, the experiment had to be discontinued 
because of the decline in vigor, egg produaion, and hatchability. The decline 
in hatchability is shown in Table 16. 

Table 16 


INFLUENCE OF CLOSE INBREEDING ON HATCHABILITY AMONG 
RHODE ISLAND REDS * 


Mating | 

Fmt Year 


Third Year 

Fourth Year 

Inbred line. 

Prr Cent 

67 

■i 

41 

18 

Control line 

67 


56 

64 


Inbred poi/Ury, according to the National Poultr)’ Improvement Plan (page 
115) is the first generation poultry, chicks, or eggs, produced by a mating of 
poultry of known relationship, related to the degree of first cousins or closer. 

Inbred line is a group of inbred poultry, or chicks, or eggs, resulting from 
at least four generations of inbreeding. The poultry constituting the line must 
be individually identified as to origin and so interrelated that the mating of 
any pair within the line would result in progeny with an ampunt of inbreed- 


* Cole and Halptn, 1922. 
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ing exceeding that resulting from three successive generations of full brother- 

sister matings. ... . e- u 

Coefficient of inbreeding is the measuiement of the intensity ot inDreeamg 
or the decrease in heterozygosity. It is exaaly one-half of the relationship 
between the patents unless these parents are themselves inbred, in which case 
some correction should be made. For instance, if a bird is heterozygous for 
100 pairs of genes and it is inbied so that its inbreeding coefficient is 25 per 
cent, it will probably be heterozygous for only 75 pairs of genes. The formula 
for determining the coeffeient of inbreeding b complicated and need not be 


considered here. 

Crossing is: (1) The crossing of two different breeds or varieties. (2) 
Crossing first generation poultry resulting from the combination of two dif- 
ferent breeds or varieties with another and different breed or variety. (3) 
Crossing the first generation poultry resulting from the combination of two 
different breeds or varieties with the first generation poultry resulting from 
the combination of two other different breeds or varieties. 

Crossing b used to determine the sex of chicks at hatching time and to 
produce chicks for commercial broiler and egg ptoduaion. It may result io 
better hatchability, livability, and growth rate of chicks. It does not have much 
influence on egg production and livability of laying birds. (Table 17.) Re* 
suits obtained may be expected to vary with the breeds or varieties crossed 
and also their purity. 


Table 17 


lltFLUfitlCE OF CROSSING RHODE ISLAND REDS AND BARRED ROCKS* 


Chadcun Scudiad 

Rkoda Itlaod 
R«da 

Barred 

Plnnoutli Roela 

Red and 
RocbCroee 

Fertility (per cent) 

63 

1 70 

74 

Hatchability (per cent) 

54 


65 

Mortality fint24w«eki (percent) 

13 1 


10 

Lgg production tint 11 months (nocfgs). . . 
Mortality during 11 months egg produc- 

108 

171 

127 

tion (per cent) 

33 

1 29 

43 


Hybrid chickens as used at present refers to stock produced by crossing of 
breeds with or without previous inbreeding. 

Outcrossing is a form of breeding in which one family line is crossed with 
that of another of the same variety. The reject b to hold the good traits al- 
ready In the one family line and to capture the good ones from the other one. 
Or, it may be to attempt to get rid of the undesirable traits in one line and 
obtain only the good ones from another line. 

Oulgradmg is a Wding plan used by many commercial hatcheries to im- 
ptrrvc the quality of the ch.dts sold. They buy improved males of some breed 
ot v».ety Smgle-Comb White Ughotns for instance, and place them in 
ha^e^ flocks comprised of Sin^c^tonh White Leghorns (Fie 5S ) The 
ohiea^lo improve the quality of the chicks produced from the flocks. 

*Jeofffcy, 1939. 
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Backcrossing is the mating of a 
crossbred animal back to one of the 
pure parent races which were crossed 
to produce it. It is not widely used. 

Incrossing is: (1) The crossing of 
two inbred lines of the same or of dif- 
ferent breeds or varieties. (2) The 
crossing of first generation poultry re- 
sulting from the combination of two 
other inbred lines when each line used 
is of different breed or variety ihan 
any other used. The production of com- 
mercial incrossbreds is usually accom- 
plished by this method. (Fig. 57.) 

Some incrosses improve the quality of 
the resulting stock while others do not. 

The problem is to find desirable inbred 
lines for making desirable crosses. 

Closed flock breeding. This system 
of breeding begins with the selection 
of individuals and families within a 
flock. The individuals from different 
families are mated. No new strains of stock are introduced. No crossing is 
practiced except between the different families within the flock. The objective 
of the closed flock system of breeding is to combine or intensify the desirable 
characters in the different families within the flock and at the same time re- 
duce or eliminate the undesirable ones. 

Methods of Mating 

The method of mating used will have a marked influence on fertility and 
consequently on the number of offspring used. The two most common meth- 
ods of mating are flock and pen mating. Stud mating and artificial insemina- 
tion are sometimes used in experimental work. 

Flock mating. Flock or mass mating means that a number of males are 
allowed to run with the entire flock of hens. This system of mating is used 
on most farms. In flock matings the parentage of the chicks hatched is un- 
known. 

Other things being equal, better fertility is obtained from flock matings 
than from pen matings. There is an opportunity for birds to mate with those 
they like in flock mating; in pen mating there is no choice. Competition 
among males in flock mating also results in more matings and better fertility. 

The number of hens that should be mated with each male will vary with 
die sire and age of the birds (p. 103). 

Pen mating. In pen mating a pen of hens is mated to a single male. If 
die birds are trap-nested and the hen's leg-band number recorded on the egg, 
it is possible to know the parents of ewry diick hatched from a pen mating. 


CfUOING CHART 



Fig. 56. Flock Improvement by the purchase 
ef improved moles (outgredlng). 
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Inbred LeRboms 
(3 generation Bro. X &s. 
equivalent or more) 

Male of line A X Female of Line B 


Inbred Rhode Isbnd RchI 
(3 generation Bro. X Sis, 
equivalent or more' 

,1c of Line C X Female of line P ' 


Incross Leghorn Moles 
(Flock Owner Males) 


Incross Rhode Island Red Females 
(Flock Owner Females) 


Incrossbreds 

(CommerMal hybrid chicks No. 00) 


tig 57. tio<]ucttoft ttt 


About the same numbet of hens ate mated with a male as in the case of 
flock mating. Fertility is generally not so good in pen mating as in flock 
mating. This is because certain hetjs may not like the male, or vice versa. 

Stud mating. In stud mating the females axe mated individually with 
a male kept by himself in a coop or pen. In this system of mating more 
females can be mated with a male than in pen matings. Stud mating in- 
volves mote labor than flock or pen mating. The birds should be mated at 
least once each week in order to maintain good feniUty. 

Stud mating may be used where hens are kept in laying batteries. It is 
also used when a very valuable male is being ■usrf as a brevet. By the use 
of stud mating, more offspring can be obtained from the male. 

Artifidal insemination. ArtiBcial insemination is possible but not prac- 
tical in ordinary poultry-breeding work. It k used in experimental work and 
may be used in turkey breeding where poor fertility is encountered. 

A method has been developed at the National Agricultural Research Center 
and elsewhere for securing sperm from the male by artificial stimulation and 
for transferring it to the oviduct of the female. Doses of .1 cc. of semen in- 
jected once a week give good fertility. 


Securing Good Fertility 

Once high egg produaion has been secured, fertility k the first factor 
which determines the number of offspring that may be obtained from a given 
individual As in the case of other animak, both males and females among 
^Itry may be sterile. It k a good plan to test the fenility of males and 
females at least a month before the beginning of the breeding season. Faaors 
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influencing fertility include the number of females mated to one male, the 
age of breeders, the length of time between mating and saving eggs for 
hatchability, and management practices. 

The number of birds mated to one male. In mating birds of the light 
or egg breeds, such as Leghorns, it is customary to use one male for fifteen 
to twenty hens. In case of the general-purpose breeds, such as Plymouth 
Rocks, it is customary to use one male with ten to fifteen hens. About eight 
to twelve hens are mated with one male in case of the heavy breeds, such as 
the Brahmas. 

Age of breeders. Young birds are more active than old ones. Fertility 
is better among pullets and cockerels during the first year than later on. 
Males are not very satisfactory as breeders after they are about three years 
old. 

Fertility can be improved by using cockerels with old hens or pullets with 
old males. When both old hens and old males are used in the breeding pen, 
fewer hens should be used with each male than generally reco mm ended. 

Length of time after mating. It is possible to secure fertile eggs about 
twenty-four hours after males have been placed in the pen. However, a 
maximtim percentage of fertility is not reached until about ten days after 
the birds have been mated. 

It is possible to secure fertile eggs as long as twenty-one days after the 
males have been removed from the flodc. Reasonably good fertility may 
be expected for about a week after removal of the males. In case a male 
bird dies or is replaced by another male in a breeding pen, one should wait 
about three weeks before saving eggs for hatching in order to be sure that 
none of the eggs were fertilized by the sperm of the preceding male. 

It is true that when other things are equal, the newest sperm in the oviduct 
will be most likely to fertilize the eggs. 

Influence of flock management. The health of the flock and housing 
condiciaas iadaeace (ecciUcy. Good lecdlicy cannac be expected unless die 
birds are vigorous and active. 

Extremely cold weather will result in poor fertility and poor hatchability 
unless housing conditions are such that the birds will be comfortable. In 
cold climates, where breeders are kept in unheated pens, it is a good plan 
to dub the combs and wattles of the males to prevent freezing. Birds with 
frozen combs or wattles are inactive because of the soreness of the affected 
parts. 

The poultry house should be kept clean, dry, well ventilated, and free from 
filth. 


Breeding for Hatchability 

It is known that feeding and management praaices affea hatchability. 
Aside from these, there are a number of breeding praaices which influence 
hatchability. Chief among these may be mentioned the age of breeders, egg 
production, method of breeding, egg characters, and lethal genes. 
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Ak of breeders. Eggs from pullets show s little better hatchabiltty of 
fertile eggs than those from hens. Since fertility of eggs from pullets ts 
higher than that from hens, the number of chicks obtained from each one 
hundred eggs set is higher from pullets than from hens. This fact ternpB 
some hatcherymen to hatch from pallets rather than from hens. The chicks 
from pullets will not be so large or uniform as those from hens. 

The University of Missouri has made a study of the hatchability of eggs 
{torn hens and pullets, comprising several different breeds. The results are 
summarized in Table 18. 


Table 18 


THE PER CENT HATCHABILITY OF PULLET AND HEN EGOS * 


Brc<d 

Pulkti 

Hem 











1 

69 



The hatchability of eggs of the same group of birds used two or more 
breeding seasons in succession tends to decline. Studies made at the Kansas 
Experiment Station are summarized in T^le 19. 

Table 19 


PER CENT HATCHABILITY OF EGGS FROM THE SAME 
CROUPS OF BIRDS IN SUCCEEDING YEARS * 


Bind 1 

P«ttet Year 1 

Second Year 1 

Third Year I 

FonithYasf 

^Vlute Leghorn* | 

1 1 

66 1 

70 


White Leghorns 


78 



Rhode Island Reds . . 

'60 

S3 



Rhode Island Reds. . . 


69 

66 

's’4 


Egg produaion. Good hatchability is associated with good egg produc- 
tion. There is a common belief that if birds have been laying ve^ long be- 
fore the hatching season, hatchability of eggs and livability of chicks will be 
lower than from birds that have not laid so many eggs. A study of thb 
factor was i^de at the National Agricultural Research Center. The results 
are summarized in Table 20. From it, one may conclude that the length of 
time birds have been in production before the hatching season do^ not 
infiuenM the hatchability of the eggs set or the livability of the chicks 

hatched- ' 


•Funk, 1934. 

* Warren, 1934. 
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Table 20 

EFFECT OF PREVIOUS PRODUCTION ON HATCHABILITY 
AND LIVABILITY OF CHICKS ® 


Previoui ProductioQ of Birdi 
from October to Hatching Season 

Per Cent Hatchability 
of Ferule Egga 

Per Cent Chick 
Mortality First 
Four Weeks 

Barred Plymouth Rocks 



Those laying 0-29 eggs 

77 

4 

30-59 eggs 

72 

3 

60-89 eggs 

71 


Rhode Island Reds 



0-29 eggs 

73 

1 

30-59 eggs 

71 

2 

60-89 eggs 

64 


White Leghorns 



0-29 eggs 

74 


30-59 eggs 

73 

3 

60-89 eggs 

69 

2 


Methods of breeding. Hatchability is influenced by the method of breed- 
ing. Close inbreeding tends to lower hatchability (p. 99)> while cross- 
breeding increases it. If birds are seleaed for high hatchability as well as 
for the character to be intensified in line breeding, no harm results from this 
system of breeding. 

Egg characters. Egg characters, such as size, shape, and interior quality, 
affea hatchability. 

Standard-weighf eggs, those weighing two ounces each, hatch better than 
those much above or below this weight. 

Long pointed and short bulging eggs do not hatch well. They should be 
culled out from eggs that are to be used for hatching purposes anyway. If 
a pullet is hatched from such an egg, it will likely lay the same kind. Long 
pointed and short, thick eggs are unsatisfactory for packing for market. 

Double-yolked eggs do not hatch. Embryos may develop in such an egg 
until near the hatching day. The chicks are too cramped and there is not 
enough space for respiration and movement in the pipping process. 

Eggs with shells of medium strength hatch better than eggs with shells 
that are too thick or too thin. Evaporation is too rapid from thin-shelled 
eggs during the period of incubation. Chicks have difficulty in pipping in 
eggs with extremely thick shells. 

Eggs with good interior quality, as judged by candling appearance, hatch 
better than those with poor interior quality. Eggs with a large proportion of 
white in proportion to yolk do not hatch so well as those with less white. 

Records were obtained on the relationship between the candling grade of 
eggs and their hatchability in conneaion with chicks produced for the An- 


Jull, 1931. 
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nual Baby Chick Show, held at Ohio State University. Some of the data ob- 
tained are summarized in Table 21. 

Table 21 


INFLUENCE OF EGG QUALITY ON IIATCIIABILITY 


Quality o{ Eggs 

19Jg 

1939 

1940 

Total forTTirce 
Yeirt 

Craif^ j 4 





Number set 

1147 

4547 

5825 

11519 

Number chicks hatched 

825 

3364 

4192 

8381 

Per cent hatch of eggs set 

72 

74 

72 

73 

Grade B 





Number set 

1733 

2155 

1001 

4889 

Number chicks hatched 

1229 

1550 

744 

3523 

Per cent hatch of eggs set 

71 

1 

74 

72 

Grade C 





Number set 

97 1 

30 

4 

131 

Number chicks hatched 

50 

19 

1 

70 



63 

25 

S3 

Blood and ^fea^ Spots 


Number set 

9 



65 

Number chicks hatched 

4 

11 

23 

38 

Per cent hatch of eggs set. . 

44 

58 

62 

58 

Checis 





Number set 

14 









Per cent hatch of eggs set . . . . 

29 

53 

SO 

46 


Lethal genes. Lethal genes affeaing hatchability have been discovered 
in recent years (p. 86). In studying hatching records on breeding farms, 
the dead embryos should be examined in order to locate sires and dams 
carrying the lethal genes in heterozygous condition. A sire and a dam each 
carrying a lethal gene in a heterozygous condition wiU produce offspring in 
the proportion of three normal to one carrying the lethal chaxaaer. The same 
sire, mated to his dau^ters. produces five normal to one lethal or seven 
normal to one lethal embryo. 

Hatchability iutptovcmettt toough breedmg can be seemed only by ttap- 

hatchiT^“'°” “‘‘"■■'r'* "ho eipeiiencS 

nhith nL“ imptove it by the nse of males 

nhich were produced by families haying high hatchabili^. 


Breeding for Livability 

i. almSenc^rm"’ ^ management practices. It 

inva“o “ ■ “f -h' to disease 
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Experimental evidence has shown that there are family differences as re- 
gards the susceptibility to and resistance against pullorum, fowl typhoid, range 
paralysis, roundworm infestation, crooked keels, and reproductive troubles. 

Breeds and strains. Qiicks obtained from different breeds and strains 
but reared under identical conditions show marked differences in livabilitj'. 
In the Nebraska flock-testing projea in 1935, differences in mortality among 
chicks from different flocks during the first four weeks varied from 1 to 70 
per cent. The variation was from 13 to 70 per cent among strains of general- 
purpose breeds, and from 1 to 31 per cent among Leghorns. A large part of 
the mortality was probably due to pullonim. Hiese and other data indicate 
that general-purpose breeds are more susceptible than Leghorns to pullorum 
infection. 

Age of breeders. Chicks hatched from hens are more uniform in size 
and vigor and live better than those hatched from pullets (Table 22). This 

Table 22 


MORTALITY OF PULLETS DURING THE FIRST LAYING 
YEAR, HATCHED FROM HEN AND 
PULLET BREEDERS ® 


Rind of Breeden 

1 Monality of Pullet ProgeDy (per cent) 

Hens 

Total 

Due to Paralysis 

Trial 1 

35 

20 

Trial: 

34 

14 

Pullets 



Triall 

62 

32 

Trial 2 

48 

24 


may be expected, since pullet mortality is higher than hen mortality. Pullet 
and cockerel parents may die before the end of the first year of production. 
The offspring will, therefore, be from parents whose livability has not been 
determined. When chicks are hatched from year-old stock or older, it is 
known that the birds are from parents that were able to live and produce well 
through at least one year of production. 

The fact that pullets lay more eggs and that the hatchability of their eggs 
is better has led hatcherymen to use mostly pullet eggs for hatching. This 
has no doubt been a major factor in shortening the life and increasing mor- 
tality among laying flocks. More attention is now being given to the hatching 
of chicks from breeders that have been through one or more years of pro- 
duction. 

System of breeding. Inbreeding results in reduced vigor and increased 
mortalit)' (p. 99). Crossbreeding has the opposite effect. If care is used in 
the selection of breeding stock for livability, as W’ell as for the character to 
be intensified, inbreeding may be practiced without harmful effeas on liva- 
bility. 


Kennaid. 1934. 







fig. 58. CSi<ki »howtng eonJfajlIna ftather flfowtK. l*h, itew (•athering thick at oga of 10 
dayi. right, fort feathering chick at taiM oga. (U. S. D. A. laofiel 233.) 


In breeding for livabUity, only birds that have shown good livability 
should be used in the breeding pen. This is especially true in the case of the 
male bird. Theotetially, at least, it would be possible to improve livability by 
the sjstem of breeding known as outgr^ing (p. 100). The use of hens 
rather than pullets for breeders and mating them with males from families 
that have shown good livability will no doubt do much to reduce adult 
mortality. 


Breeding for Growth and Feathering 


Rate of growth and adult body sia are both inherited characters. They 
may be influenced greatly by the selection of breeding stock. The rate of 
grouth of body flesh and feathers is also influenced by the protein and vita- 
ram content of the ration (Chapter Nine) and the temperature used in 
brooding. ^ 

U i, lno»n tlu. lighf right such m Ughorns, r,^ch msmriij- 

. mon,h .han gcucral-porposc brevis, such as Plymouth Rocks. 

^ fit^T with nar- 

the fins SIX to eight weeks of the growing period. * 
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The breeding stock should be seleaed on 
the basis of the rate of growth up to eight 
weeks. The young stock should be inspected 
for weight and feathering at this age. Under- 
weight and poorly feathered birds should be 
removed or marked and removed later on. If 
the records on growth and feathering are nor 
recorded until the birds are housed, many of 
the undesirable birds will be missed. They will 
have completed a normal plumage and pos- 
sibly will have grown to normal size by the 
time they are placed in the laying house. 

Early-feathering chicks are found within a 
breed and strain as indicated by the length of 
the wing and rail feathers at about ten days of 
age (Fig. 58). By picking out these chicks 
and using them as breeders, it is possible to 
develop an earlier-feathering strain of birds. 

Crossbred poultry generally make better growth during the first eight to 
twelve weeks than the Standard-bred birds from which they were hatched. 
The adult size is generally intermediate between that of the two breeds that 
were crossed. Data obtained at the California Experiment Station indicate 
that the shank length measurement of live birds is a true indication of herit- 
able differences in body size. 

Breeding for Meat Production 

Breeding chickens for meat production has been overshadowed by breed- 
ing for egg produaion. As we shall see, selection of birds for egg production 
is very complicated. Very little may be learned about the egg production of 
a hen by looking at her. It is quite different in selecting birds for meat pro- 
duction. Birds are selected for type in breeding for meat production. 

Extensive studies have been made in Canada on the selection and breeding 
of birds for meat production. Contrasts in good and poor types for meat pro- 
duction are shown in Figures 59 and 60. Good birds have a broad back and 
the keel is carried well forward. The legs are short and thick and set well 
apart. The neck is short. Poor meat-type birds have narrow backs and shallow 
breasts; the legs are long, thin, and close together. Birds selected as breedeis 
for meat production should have shown rapid growth and good feathering 
during the first eight weeks. 

Breeding for Egg Production 

Most of the income from chickens is from the sale of eggs for food and for 
hatdiing purposes. The higher the egg production secured, the lower the 
feed and total cost per dozen of eggs, ^nsequently, pouItr)'raen are interested 
in high egg produaion. Good feeding and management praaiccs will result 
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Fig. 59. A good body type for 
meat production. The legt are 
thort; the breast broad; and the 
keel is carried well forward. 
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in an increase in egg production from about 
80 or 90 eggs per year to 150 or 160. Greater 
production will depend largely on careful se- 
lection of breeders on the basis of the trap 
nest, sib, and progeny records. 

Selection on the basis of the trap-nest 
record. Inherited characters for high egg pro- 
duction include early sejnial maturity, rate of 
produaion, lack of pauses, nonbroodiness, and 
persistency in production. Accurate records re- 
garding these characters can be secured only 
through trap-nesting the birds. Once prospec- 
tive breeders have been selected on the basis 
of vigor and breed and variety characteristics. 
Fig 60. A poor body type for they should he leg-banded and trap-nested; 
meat preduciion. The legi ore and the fccords should be analyzed On a family 
loog; the breort Adlow; cod the breeders ate selected, 

o y 1 1 ori on narrow. Early maturity. Early sexual maturity, the 

age at -which egg production begins, is an inherited charaaer. It shows dom- 
inance and some sex linkage in which several genes are probably involved. 
By selecting the eatly-maturiog birds in a flock each year, it is possible to ma- 
terially reduce the time required to teach sexual maturity in a flock. At the 
Kansas Experiment Station the time required for a strain of Rhode Island 
Reds to reach sexual maturity was reduced from 269 to 222 days in the course 
of six years of seleaion and breeding for early maturity. 

If light breeds, such as Leghorns, are to lay approximately two hundred 
eggs during the pullet year, they should come into production when about 
five and one-half months old. In the case of general-purpose breeds, such as 
Rhode Island Reds, production should start when the birds are about six 
months old. 



In a flock of birds in which all of them are the same age, the first 75 per 
cent that come Into produaion will be the best layers. 

Rate ot production. A bird that kys at a high rate has a shorter interval 
between ovulations, the eggs remain in the oviduct for a shorter period of 
time, and laying takes place more neatly at the same hour each day than in 
the case of a low-rate layer. In other words, the best layers lay in long clutches 
with few intervals, while the poor layeis lay in short clutches with iumetous 
mteival, of vatymg len^ betw-een the clutches. At the National Agricultural 
“ "" tf""* “O'e nearly the 

nearly the same rate than less rebted birds. ^ 

ofT^m laLlrr'^rit™ “ “ P"™“8e bas-is, using the number 

■*>' fa' 'gg 'O a given date in relation to the 
total number of days involved. If a Sock of bitds is to average about two 

ofS w St m "f l"" T' 'hey should by a^he rate 

01 ou per cent, or at least four eggs per clutch. 
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Lack of pauses. Some birds lay well for a while and then go out of pro- 
duction for varying lengths of time. A pause is regarded as an interval of 
more than seven days between clutches of eggs. Some pauses may be caused 
by digestive disturbance, a cold or other respiratory trouble, parasites, etc. 
Other pauses are encountered which cannot be accoimted for on the basis 
of disease, environment, and management. They are believed to be herditary. 
One of these pauses is encountered during the winter and is commonly re- 
ferred to as the winter pause. 

In selecting birds to be used for breeders, those with the fewest pauses and 
of the shortest duration should be seleaed. 

Nonbroodiness. If a bird is to lay well, it must not be broody much of 
the time. Broodiness is a dominant sex-linked character. Unless breeders are 
seleaed for nonbroodiness, the offspring will show more broodiness each year 
with a decline in egg production. 

Light breeds, such as Leghorns, are less broody than general-purpose 
breeds, such as Plymouth Rocks. Within a given breed or variety there are 
strains with much less broodiness than is found in others. 

When two breeds are aossed, the progeny generally show more broodiness 
than that shown by either of the parent breeds. 

A record should be made of each period that a bird is broody. If the 
broody period is often or of long duration, the bird should not be used in 
the breeding pen. It is a common practice to reject Leghorns that are broody 
two or more times during the year, as well as general-ptirpose birds that ate 
broody three ot more times. 

Persistency in produaion. Persistent layers are those that lay well during 
the summer and fall of the year following that in which they were hatched. 

The termination of the first year of laying is closely related to the first 
annual molt. Most birds quit laying and then molt. A few birds will lay and 
molt at the same time; these are usually very desirable birds for use in the 
breeding pen. 

Birds should be selected for persistency of produaion that lay approxi- 
mately twenty-five eggs during August and September of the year following 
that in which they were hatched. 

At the Massachusetts Experiment Station, Rhode Island Red breeders have 
been seleaed for egg produaion for a number of years on the basis of early 
maturity, rate of laying, nonbroodiness, and persistency. Each of these char- 
aaers has been improved along with an inaease in egg production (Table 
23). Selection for nonbroodiness has shown more progress than seleaion for 
the other factors. 

Selection of breeders on the basis of the first year of egg produaion alone 
is not a satisfaaory measure of their breeding value (Table 24). The data 
show no apparent relationship betw'een the egg production of the dams and 
that among the daughters among the Rhode Island Reds, but there is seen 
a slight relationship between the egg produaion of the dams and that of 
the daughters among the White Leghorns. Inheritance of a charaaer in one 
breed may be different in another one. 
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Table 23 

IMPROVEilENT IN EGG PRODUCTION WITH IMPROVEMENT IN 
INHERITED CHARACTERS FOR ECC PRODUCTION ’ 


Yt»r 

Sexgal 

Maturity 

Dan 

Rate of 

(number cm 
per (lutcn) 

Koobroodmni 

(percent) 

Penlitence 

Dayi 

Avert pe 

_ En. 

Productioa 

1920 

200 

2.7 


331 

200 

1921 

211 

3.3 


301 

198 

1922 

197 

2.7 


322 

200 

1923 

209 

2.4 


323 

189 

1924 

196 

2.5 


327 

196 

1925 

192 

3.1 


330 

205 

1926 

199 

, 2.7 


331 

205 

1927 

185 

1 3.5 

90 

321 

197 

1928 

196 1 

1 3.4 

72 

335 

215 

1929 

197 

3.1 ' 

87 ' 

330 

208 

1930 

191 

3.7 

78 

340 

214 

1931 

189 

3.8 

84 

344 

234 

1932 

202 

3.3 

88 

33S 

222 

1933 

194 

3.3 

95 

342 

214 

1934 

186 

3.7 

92 

344 

225 

1935 

192 

2.9 

95 

343 

216 

1936 

196 

2.9 

90 

345 

220 

1937 

197 

30 

98 

339 

205 

1938 

1 196 

3.2 

92 

343 

231 


Table 24 

THE AVERAGE FIRST-YEAR PRODUCTION OF THE 
DAUGHTERS OF DAMS CLASSIFIED ACCORDING 
TO THE RANGE IN EGG PRODUCTION 
OP THE DAMS • 


R**c* n Ecc Psopuntou 

Aveuce Ecc Pnoovrno* or Davcbtee* 

D*., 

Rhode laland Reda 

While Lejhorna 

181-190 

191-200 

201-210 

211-220 

221-230 

231-240 

241-250 

251-260 

188 

203 

192 

192 

199 

162 

157 

163 

161 

173 

176 

169 

261-270 

271-280 

281-290 

200 

197 

179 

209 

188 

291-300 


301-310 



311-320 




220 


Hiys. 1939. 
‘JuU. 1938. 
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Selection on the basis of the family records. A bird with a good pedi- 
gree or family history of good production is to be preferred to one whose 
pedigree is unknown. A study of the egg-production records of ancestors back 
as far as three generations is useful in estimating the breeding value of an 
individual. However, the records of the brothers and sisters, are as important 
or more so than that of the parents and grandparents, in predicting the breed- 
ing value of a male or female. 

Selection on the basis of the progeny test. Performance of the individual 
is valuable in breeding for improvement in characters of high heritability 
such as growth rate, body conformation, and egg weight. Family and progeny 
records ate essential in breeding for improvement in characters of low herita- 
bility such as egg production, barcbabiHiy, and viability. The final and most 
valuable test for a breeder is the kind of progeny that it produces. It is not 
how many eggs a hen lays that counts, but the number her daughters will 
lay. If a bird is to be valuable as a breeder, it must be able to transmit de- 
sirable characters to its offspring. 

Poultry-breeding work at the Maine Experiment Station became the 
foundation for modern poultry breeding and progeny testing. Nine years 
of poultry breeding in which females were selected for breeders on the 
basis of their first-year trap-nest records failed to produce an increase in the 
level of egg production among the pullets raised each year. When pullets 
and cockerels were selected for breeders each year from among the best 
families of that year, a steady increase in the level of egg production was 
achieved. 

It is highly important to select sires of superior breeding value because 
the average sire has about ten times as many chicks as the average dam. Some 
actual case records ate presented in Table 25. Sire Number 1 is far more 
valuable than Number 3 as a breeder, even though his mates did not have 
^uite so high an egg production. 

In carrying on a progeny test program the first step is to determine which 
of the different male birds used proved to be the best breeders. The daughters 
of each male should be compared with those of other males with respect to 
sexual maturity, rate of laying, lack of pauses, nonbroodiness, and persistence 

Table 25 


VARIATIONS IN EGG PRODUCTION OF DAUGHTERS 
OF DIFFERENT SIRES AND DAMS 


Sire or 

Dam Number 

Average IVodnctlon 
of blatea or Self 

Number of 
Daughter! 

Average Egg Pro- 
ductioa of Daughter! 

Sire 1 

264 

76 

219 

Sire 2 

276 

lOS 

191 

Sire 3 

285 

114 

163 

Dam 4 

2SI 

8 

278 

Dam 5 

312 

19 

203 

Dam 6 1 

234 

11 

186 
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of production. Having determined the best males, the next step ts to de- 
termine the female progeny of each of the hens to which a superior m 


The breeding program should be based on the selection of outstanding 
families. Sites and dams of outstanding value should be used as many years 
as possible. Their progeny should also be given preference when selecting 
future breeders. _ .1 

Since the life of chickens is relatively short, and their breeding periM 
pretty well over by the time records on the progeny are known, the records 
of the full sisters are given considerable weight in selecting cockerels for 
the breeding pen. If the first part of the pullet laying year is outstanding, as 
judged by sexual maturity, rate of laying, lack of pauses, and nonbroodiness 
of all the sisters in the family, the brothers can be used as breeders that year 
with a good degree of assurance that they will prove satisfactory. 

Selection on the basis of long-time egg pr^uciion. Birds that lay 'weW 
the first year have a tendency to do so the second year. There are some notable 
exceptions, however. Nhtufally a bird that lives and continues to lay well for 
two, three, ot four years is mote desirable as a breeder than one with a shorter 
record of production. 

Under ordinary circumstances, the decline in egg production is about 20 
pec cent of that of the preceding year. Fot instance, if a bird laid 200 egg? 
during the pullet year, it may be expected to lay about 160 eggs the second 
year and 130 the third year. If the first-year egg production has been retarded 
by improper feeding ot management, a bird may lay more eggs the second 
year than during the first one if the poor management practices are cor- 
rected. 


Breeding for Egg Quality 


The number of eggs laid is not the only thing to be considered in breeding 
fot egg production. The markets and consumeis ate interested in egg sire and 
shape, shell color and texture, and interior qtulity. 

Egg size. Egg size is correlated with body size. Egg size increases from 
the time pullets start to lay in the summer or fall until the month of February. 
The size of eggs declines during the hot summer months. Eggs produced 
during the second year of production ate larger than first-year eggs. Those 
laid at the beginning of a clutch are larger than those laid at the end. There 
IS also a tendency toward a decline in egg size with the total number of eggs 
laid in a year. 


It is possible to secure and maintain good egg size even with high egg pro- 
duCTion by mass selection of breeders that have good body and egg^ze as 
^ell as good egg production. 

Eggs of uniform shape and weiring between twenty-four and twenty- 
e.ght ounces pet dozen should be set in otdei to maiutain standatd-weigbt 
eggs of twenty.fout ounces per dozen in the succeeding generation There 
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is a tendency for birds to revert to the laying of small eggs like those of their 
ancestors, unless one continually selects eggs of good size for hatching. 

Leghorns should weigh at least three pounds, Rhode Island Reds four and 
one-half pounds, and Plymouth Rocks five and one-half pounds at the rime 
production begins, if good egg size is to be obtained. The size of the pullet, 
rather than the age at which it starts to lay, is the more important faaor in- 
fluencing egg size. 

Shell color. Shell color is more important in white eggs than in brown 
ones. Varying shades of color are expected among brown eggs. Tinted shells 
should be avoided among white eggs; they do not influence the food value 
of the eggs, but do have an unfavorable effect on the appearance of packs 
of white eggs. White eggs that have tinted shells should not be set. Birds 
that lay eggs with tinted shells or poor shell texture should nor be used for 
breeders. The use of the trap nest enables one to detect the birds that lay 
imdesirable eggs. 

Eggshell texture declines with age and the length of the laying period. 
A breeder may have laid eggs with good shell texture in the pullet year and 
with thin or rough shells in later years. Shell thickness declines toward the 
end of the laying year, often becoming quite poor in the late summer. Birds 
should be selected for breeders that lay well during the months of August 
and September, and that produce good shells during this period. 

Interior quality. Interior quality of eggs is influenced by breeding as well 
as by management. The percentage of thick white to total white, presence 
of blood spots, and possibly yolk color, are influenced by the genetic con- 
stitution of the bird. Hatching eggs should be graded for size and shape, and 
candled for shell texture and interior quality. 

The Natioual Poultry Improvement Plan 

Most states have had some kind of breed improvement programs for a 
number of years. Some have been supervised by state regulatory agencies, 
some by poultry extension service agencies, and others by dues paid by mem- 
bers of the association. The programs have lacked uniformity in terminology 
and supervision. 

In 1935 the United States Department of Agriculture established the Na- 
tional Poultry Improvement Plan in a)-operation with state poultry improve- 
ment associations. The objeaives of the plan are to improve the breeding 
and production qualities of poultry and to reduce losses from pullonun and 
typhoid diseases. This is being accompibhed by ( 1 ) the development of more 
cffeaive state poxiltry improvement programs; (2) the identification of the 
quality of breeding stock, hatching eggs, and chicks by authorized terms that 
are uniform and applicable in all parts of the country; and ( 3 ) the esrablbh- 
ment of an effeaive co-operative program through which newer knowledge 
and practical experience can be applied to the improvement of poultry and 
poultr)’ produas. 
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Acceptance of the plan is optional with the states and with individual 
members of the industry within the states. The plan is administered in each 
state by an of&cial state agency, cooperating with the Animal and Poultry 
Husbandry Research Branch, Agricultural Research Service, United States 
Department of Agriculture. 

The National Poultry Improvement Plan is divided into two parts: breed- 
ing stages and pullorum control and eradication classes. 

Brewing stages. 1. V. S. Approved. All males and females are selected by 
Authorized Agents according to standards prescribed by the State Agency. 

2. U. S. Certified, (a). Eggs. All males ROP or all males and females from 
ROP Performance Tested Parent stock for egg production, (b). Meat. Same 
requirements as for eggs except the stock is tested for meat production. 

3. U. S. Record of Performance (ROP). (a) Females. (1) an individual 

that has laid at the rate of 60 per cent or more during a period of at least 
10 consecutive months, when trapnested a minimum of five days per month 
and at least 100 days. (2) Members of an entire family of six or more full 
sisters that have laid at an average rate of 65 per cent or more during a period 
of at least 10 consecutive months, when trapnested as above, (b) Males. 
Produced from an ROP site and ROP dam in a simple male mating. The 
birds must be vigorous, free from disease symptoms; representative of the 
breed and variety; and free from serious defeas such as abnormal eyes, 
crooked beak or back, seriously crooked breast bone, or toes, wry tail; and 
underweight as defined for disqualifications in the Standard of Perfection. 
• Tested Parent Stock, (a) Egg production. Progeny entered 

in an officially recognized central random sample egg production test and 
laid at an average rate of at least 60 per cent on a hen-housed basis or ranked 
among the top third of the entries in the rate of lay. (b) Mecst production. 
Progeny entered in an officially recognized central random sample meat pro- 
duction test that laid at an average rate of at least 50 per cent on a hen-housed 
^is and had an average 9 week weight of at least 2.5 pounds for puUets and 
3 ^unds for cockereU or ranked in the top third of the entries in rate of lay 
and rate of growth. 


me minimum weight of hatching egg, sold for all bleeding clasps shall be 
PullLm 'O' broiler stock. 

So?he , “rr ‘P- ^ transmitted from the 

breeding hen to the baby chick, through the hatching egg and result in high 
mottahy of chicks the first three w4ks. The dbeafe Sy^ d“t,S by a 

rdeW^!; bloM test. Ute tesf is 

“fmoL’S.fntn"" “V”' 

when tested. ^ ^ vjiicicens must be at least five months old 


Tyffioa Hocks in which n 

p Old reactors were fotmd on the last official blood test. 
nsL Motnnt-Typw Cfenn. Hocks in which n, 
photd teactnts were found on two consecmire official bloot 


pullorum or ry- 

pullorum or ty- 
tests. 





Fig. 61. Flock participation and pullorum testing under the National Poultry Improvement 
Plon, 1936-1953. 

Accomplishments of the Plan. The average annual egg produaion in 
the United States increased only seven eggs during the twenty-five-year period 
before the National Plan was started. During the first twelve years of its op- 
eration the average annual egg production has inoeased 15 eggs (Fig. 10). 

The per cent of pullorum reaaor chickens in flocks when ofiicial pullorum 
testing was started in the United States in 1920 was about 11 per cent. By 
1953 it had been reduced to about .3 per cent (Fig. 6l). Since the National 
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FIs. 62. SeUtling bird. th* br«td!»s flotV; pulbrvm teiilns by lk» whel* blo6cl iMtbod; 
and banding approvad blfdt. 

Plan was starttd, the number of breeders rested has increased from about 2.5 
milhon to about 29 million. 

Potdtry-Breeding 'Records 

^“'tty breeding program will depend on the com- 
of the recotds kept. They are essential for selection 
fmmaSX S'- J e P'?'”™’’"- ^production, family and progeny per- 

the state Doultrv immo of Agriculture, in co-operation with 

the state poultry improvement associations, has developed a syst^ of records 
to use tn jhe Nattonal Poultry Improvement Plan, ^e stoplSt brSS 
records used in connection with the recortl oF simpiwt oreeaing 

T3t'the®b,S,ni k'*' “P-'« a«:orf (2)'7eity ^^IS^shee". 

twice as much 1*^^“^ If ,hT'^ 

fore, in startine a coulttv hrIS • ' ^ “ap-nested. Thete- 

’ ''•S’' k'- gtSXkmS 

anri:Sd;^^.“h'rs:ss^^“'H“ 

-ty hnu, dating the morning and e^f^y hL^^ 
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Fig. 63. Trap-nesting. The bird end egg ere removed from the nest end the egg recorded 
on the trep-nest record sheet. 

(Fig. 63). When the bird Is removed from the nest» the egg is recorded on 
a monthly record sheet (Fig. 64). 

The various characteristics listed at the top and right of the form should 
be recorded in order to supply as much information regarding individual 
layers as possible. 

The monthly record forms are large enough to provide for the recording 
of the monthly production of twenty-five to fifty hens. 

The yearly summary sheet. The monthly egg produaion and charaaer- 
istics of each bird are transferred from the monthly record to the yearly sum- 
mary sheet (Fig. 65), and the total production determined for the year. 
Birds to be used in the breeding pen are selecrcd largely on the basis of their 
health, body size, and egg production records, as shown on the summary sheet. 

The breeding-pen record. The records of the females used in the breed- 
ing pen are obtained from the yearly siunmar)’ sheet and recorded on the 
breeding-pen record (Fig. 66). Tbe record of the male used in the breeding 
pen is obtained from the pedigree index record. 

The females used in the breeding pen are trap-nested. The pen number, 
the leg-band number of the hen, and the date are marked on the small end of 
the hatching egg at the time the hen is released from the nest, and the record 
made on the monthly egg record sheet. 

The incubation and chick-banding report. The male’s record and the 
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Fig. 64. Mon)My trop-neit record cheet. 

hen leg-band numbers are taken from the breeding-pen record and recorded 
on the incubation and chick -banding report (Fig. 67). A separate sheet is 
used for each breeding pea If more than six hatches are made from a given 
pen mating during the season, two sheets may be used and the totals listed 
on the second sheet. The chick band numbers Ibt the first and last band 
numbers only. For instance, if five chicks were hatched from a hen on a given 



At.’ •«"'mory »K«et. tfc, monihty rtcord. (Fig. 64) o 


W 51. the band num- 

bers of the chreks hatched would be 52 to 56 

'^'*'"8 '68^ *’5 P'" ■">”>>«= « *e time 
CrTe n t "“”*T "" I”" « ■>'' they are set 

the) .re sc. and each hens eggs are set rogerher ir. rhe rray. Snmerime be- 
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THE NATIONAL POULTRY IMPROVEMENT PLAN 

U. S. R. O. P. BREEDING PEN RECORD 


2. Breed tnd T&riet^r Pen No.. Year. 


MALE 

I U. S. R O. P. leg'band number of sire 


U. S. R. 0. P. leg-band No. .. 

Vricg-band No. 

Body weight 


U. S. R. O. P. band number of dai 

Egg production 

Egg weight 


FertOItyandhatchabOityof eggafrom prerioua season’s roatipga in which this male was used: Percent fertile 

eggs pemT>Vlnt.Ut eggshatthtd 

FEMALES 



Fig. 66. U. S. R. O. P. breeding pen record vsed in the Notional Poultry Improvement Plan. 

tween the sixteenth and eighteenth day of incubation, the eggs should be 
candled, the infertile eggs recorded, the dead embrj'os and infertile eggs re- 
moved, and each hen’s hatchable eggs placed in a separate pedigree basket or 
sack for hatching. 

At hatching time each hen’s chicks are counted, wing-banded (Figs. 69 
and 70), and the numbers recorded on the incubation and chick-banding 
report. 

The pedigree record. The wing band, pen and dam’s numbers are taken 
from the incubation and chick-banding report and recorded on the pedigree 
record (Fig. 71). The wing-band numbers are listed in numerical order. 
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Fig. £9. Pedlgreolng chicks. Each hen’s eggs ore hotehed In o separate bosket or coinpert* 
ment. Eoch chick is vring banded and the v<{ng>bQnd number recorded on the incubation ond 
chick-bending report {Pig. d7}. 
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THE NATIONAL POULTRY IMPROVEMENT PLAN 
U. S. R. O. P. PEDIGREE RECORD 
(r« bMdm *»>» W* “rteBr -te*b«iva.> 



Fig. 71. U. 5. R. O. P. pedigree record. 


Spaces are provided for recording the date, season, and sex of every chick 
remov’ed and for the sex and leg-band number of each bird kept. 

The pedigree r«otd should be kept in the brooder house and each bird 
recorded at the time of removal Some breeders go over all of the chicks 
when six or eight weeks old and again at twelve or sixteen weeks as well as 
at the time of housing (Fig. 72), and cull out and record any slow-growing, 
poorly feathered, or otherwise abnormal birds. 

The female summary record. The breeding pen progeny record (Fig- 
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Fig. 72, Inspecting U. S. R. O. P. cockerels. Those approved for breeders will be leg bonded 
ond pedigrees approved by the inspector. 

73) is the most important of all the records kept. It shows whether or not 
birds used in the breeding pen are able lo transmit desirable characters to 
their offspring. 

The records of the male and dams may be copied from the breeding-pen 
and incubation and chick-banding record sheets. 

The records of the female progeny may be obtained from the pedigree 
record and from the pullet year summary sheet. 

REVIEW QUESTIONS 

1. Compare the body charaaeristics of birds with good and poor vigor. 

2. Why should birds that are bred to lay have Standard breed and variety 
characteiistjcs? 

3. Name two of the most common disqualifications found in Leghorn breeding 
flocks. 

A. Differentiate betw’een the characteristics of a bird that is in production and 
one that is out of production. 

5. Can the egg production of a bird be predicted by its body measurements? 

6. Why is it harder to select breeders for egg production than for meat produc- 
tion? 

7. What are the records of the sibs? 

8. What is the most praaical system of btcftling for the average farmer? 





fifi. 73. U. S. B- O. P. Fcmetv-Summary Record. 


9- Vhat are the daogers of Itoe breeding? 

10. Which practical system of nuung gives best fertility? 

11. Why are more hens mated vrith one male among the light breeds than 
among the general-purpose breeds? 

12. How soon after males axe added to the flocks may one eapect good fertility 
of the eggs? 

13. What Inhal genes result in redoced hatchability? 

14. Why are chicks from hens worth more than those from pullets? 

13. Compare the fertility and katdiabtlity of pullet and hen eggs. 

16. What inherited charaaers for ht^ egg production are measured by the s«e 
of the irsp nest? 
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17. At what age and size should Leghorns start to lay? Rhode Island Reds? 

18. Which is more important at the time of sexual maturity in determining egg 
size — age or body size? 

19. At what time of year is egg size the largest? The smallest? 

20. If a bird lays two hundred eggs in the pullet year, how many may it be ex- 
pected to lay the second year? The third year? 

21. At what season of the year is eggshell texture the poorest? 

22. Compare the shell texture of pullet and hen eggs. 

23. Name a characteristic indicating good interior egg quality that is inherited. 

24. What is the main function of the National Poultry Improvement Plan? 

25. What are the breeding stages in the plan? 

26. Which breeding stage involves progeny testing? 

27. Differentiate between approved and certified flocks. 

28. How many eggs must a bird lay during the first laying year to qualify for 
U.S.R.O.P.? 
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Incubation Principles and Practices 


Incubation practices may be better understood if the principles underlying 
them are more thoroughly explained. Those who investigate the factors in- 
fluencing hatchability should have some knowledge of the structural and 
physiological development of the chick embryo. Those who operate the in- 
cubators should be able to do a better job if they understand the development 
of a baby chick. 


Development of the Chick Embryo 

The development of the chick embryo is a very interesting phenomenon. 
Embryologists are interested in its early development because of the gen- 
eral information about embryology which may be obtained by studying the 
early stages of development of the chick embryo, these stages being quite 
similar to those of the mammak. The poultryman is interested in the em- 
bryology of the chick because an understanding of its development will sup- 
ply information as to the requirements for incubation, and will point the way 
to better incubation practices. In twenty-one days remarkable changes occur 
inside the egg. During this time a mass of nutritive material is transformed 
into a complex living organism. 

In discussing the development of the embryo it is well to consider the 
anatomical or structural development as well as the physiological develop- 
ment which the embryo undergoes from fertilization to hatching. 

Anatomical Development 

The development which takes place in an egg from the time of fertilization 
to the time of hatching is one of the wonders of nature which man has re- 
vealed to himself by the use of the microscope. The complexity’ of this 
de\’elopment cannot be understood without some thorough training in em- 
bryology. 

Development before the egg is laid. Soon after fertilization, cell divi- 
sion begins. It continues as long as the temperature of the egg is above 82® F. 
and, after hatching, until growth has been completed. As cell division pro- 
gresses the blastoderm spreads out over the yolk. The celk are first arranged 
129 


130 


Poultry: Science and Practice 


latotinalfd 



Fla. 74. GoiltulollO" In tkn pl»*"" ^ '• '' 

iho blcitedcrm. 


in a single layer (the ectoderm) but they soon form, by invagmatt^ or 
folding under, another layer — the entoderm. The formation of the entoderm 
is called gasirulation (Fig. 74). ... l . • 

Development during incubation. After the fertile egg is laid, ernbry-ome 
de\'elopment proceeds when the egg is held where the temperature is higher 
than 82° F. (Fig. 75). The two primary germ layers (ectoderm and ento- 
derm) ate usually formed by the time the egg is laid, and the third layer 
(mesoderm) is formed soon thereafter if a suitable incubation temperature 
is maintain^ (Fig. 76). From these three primary germ layers the different 
parts of the embryo develop. The skirt, feathers, beak, claws, nervous system, 
and the linings of the mouth and vent develop from the ectoderm. The 
entoderm gives rise to the respiratory and secretory organs and the linings of 
the digestive tract. The bones, muscles, blood, excretory and reproductive 
organs have their origin in the mesoderm. 

Structure of the chick embryo during the first twenty-four hours of 
incubation. The primitive screak is visible after about sixteen hours of incu- 
bation in the incubator. Thereafter development proceeds rapidly, many new 
organs arising between the sixteenth and twenty-fourth hours of incubation. 
The head of the embryo becomes differentiated; the foregut is formed; four 
somites are visible; the blood islands, which later develop into a blood sy’stero, 
appear in the area vasculosa; the neural fold arises w’hich later forms the 
neural groove; and the coelom and the pericardial regions make their ap- 
pearance (Fig. 77). 

Development of the chick embryo during the second day. The neural 
fold closes, forming the neural groove, the anterior part of which develops 
during the second day into the different parts of the brain: the forebrain, 
midbrain, and hindbrain. The heart is formed during this period and by the 
forty-fourth hour of incubation has begun to beat. Two distinct circulatory 
systems are established, one within the body of the embryo and the other 
the vitelline circulation extending out from the heart into the egg. The eye 
and the auditory pits of the ear begin to develop. 

The extra-embryonic membranes, the yolk sac, amnion, allantois, and serosa 
begin developing during the second day. The yolk sac will later envelop the 
entire yolk which serves as a source of food material for the embryo and the 
newly hatch^ chick. A considerable potiion of the yolk remains to be taken 
into the body cavity of the chick shortly before hatching. 

The amnion is formed during the second and third days of incubation. 
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The amniotic fluid fills this cavity and 
surrounds the embryo also enclosed in 
the amn ion. The embryo is thereby 
protected from shocks and possibly ad- 
hesions. The serosa, which is formed at 
the time the amnion is formed, sur- 
rounds the other extra-embryonic mem- 
branes, lies next to the shell mem- 
branes, and later fuses with the allan- 
tois. 

Structure of the four-day-old 
chick embryo. By the end of the 
fourth day of incubation the embryo 
has all of the organs needed for its de- 
velopment and most of the parts of the 
chick can be identified. However, the 
embryo cannot be distinguished from 
that of mammals. The allantois appears during the third day of incubation as 
an evagination of the hind-gut. Tliie allantois later surrounds the entire egg 
contents and fuses with the serosa to form the chorion. The capillaries of the 
allantois therefore come in contaa with the shell membrane. The allantois 
serves as a respiratory and also as an excretory organ for the embryo. The al- 
lantois circulation is also a medium by which nutrients from the albumen and 
calcium from the shell are carried to die embryo. 

The leg and wing appendages are now visible as limb buds. The tail has 
made its appearance. Five divisions of the brain can be located. The spinal 
nerve roots have begun their development. The lens of the eye, the auditory 
vesicles, and the olfactory pits are visible. The heart has not been enclosed 
inside the body and can be observed to beat if the egg is opened. The other 
internal organs have already begun their development. 

The embryologist is not interested in the development of the chick em- 
bryo beyond the fourth day because from there on only growth takes place- 
For him the important story is ended, but the poultryman continues to be 
interested because his objective in incubation is a well-hatched chick and 
he needs to know more about the development which occurs throughout the 
entire period of incubation. 

By the sixth day the main divisions of the wings and legs are visible. The 
feather tracts appear on the eighth day and by the ninth day the embryo has 
a birdlike appearance. On the thirteenth day the color of the chick down 
may be observed. By the sixteenth day the beak, nails, and scales are well 
formed. The supply of albumen is now about exhausted and therefore the 
yolk serves as the sole source of nutrients. Several stages in the development 
of the embr)’o of the chick are shown in Figure 78. 

Hatching. On the seventeenth day the fluid in the amnion begins to 
decrease. The yolk is drawn into the body cavity on the nineteenth day. The 
beak soon thereafter pierces the air cell and pulmonar)' respiration ^gins. 
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Fig. 75. The effect of temperature on em- 
bryonic development. F. refer* to fertile 
and Inf. to infertile. 
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Fig. 78. Th« development of the chick. A, Port of the ovary ihowlng ova In different stages 
of development. 6, The fertilized egg at time of laying. C. Early cleavage of the blostoderm. 
D, Egg opened to show the lote neuroMold stage ond extension of blastoderm over yolk. 
E and F, Stoges during which the eirculotlon Is becoming established as the blastoderm ex- 
tends further over the yolk. The allantois appears as a bladder-llke outgrowth at the posterior 
end of the embryo In F. G, Stage In which the allantois hos enlarged and the yolk, sur- 
rounded by the yolk sac, has become reduced. In F and G the omnlon Is shown closely sur- 
rounding the embryo. H, Later stage showing yolk stalk. I, Front view of head, showing 
eyes, nosal openings, mouth, and ears. J, A stage shortly before hotehing, showing yolk stalk 
ond remolns of yolk. 
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cap serves as an instrument for pipping the shell and the enlarged muscles 
on the neck supply the power foe pipping. The allantois, having served its 
funaion as a respiratory and excretory organ during embr)’ological develop- 
ment, IS no longer needed and appears in the shell at hatching as a dried up 
membrane filled with blood vessels. 

Critical stages in incubation. There are definite stages in the develop- 
ment of the chick embryo when mortality is highest. These stages occur in 
chickens during the first and third weeks. As early as 1919 Payne determined 
the dady embtyomc mortality in chicken eggs. He found that of the total 
mortality 16.2 per cent occurred on the fourth to sixth days, and 48.7 per cent 
wcuired from the eighteenth to nventy.firsc days. Bronkhorst at Cornell 
UmvMsity demminrf .he daily distribution of embtyooic mortality in 
“ '■'own in Figure 79. A satisfactory explana- 
non of the cimtal stage, ha, not been given, but it will probably be lomi in 
AM vihtchoccu. in these embryos during^he first and 

Kttd 2n Wmih , / which occurs at the end of de incubation 

SLdtance^T^Is el- caused by 

b,onicmon"i;tayaSTZre£ro,dteL“^:^^ 
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Abnormal embryo positions. Embryos assume positions in the shell from 
which apparently they cannot hatch. These abnormal positions are probably 
caused by inheritance, deficient rations, and faulty incubation. The more 
common embryo positions have been listed by Asmundson as follows: 

CXASSIFICATION OF EMBRYO POSITIONS 
A Head in large end of egg 

1. Head turned right and beak under right wing 

2. Head turned right but beak not under right wing 

3. Head turned right but away from air space 

(a) beak under wing 

(b) beak not under wing 

4. Head buried between thighs 

5. Head turned left and beak under the left wing 

6. Head txirned left but beak not under the left wing 

7. Feet over the head (resting on the head) 

(a) beak under right wing 

(b) beak not under right wing but turned right 

(c) beak under left wing 

(d) beak not under left wing but turned left 
B. Head in small end of the egg 

1. Head turned right and btak under the right wing 

2. Head turned right but beak not under the right wing 

3. Head burled between the thighs 

4. Head turned left and beak under the left wing 

5. Head turned left but beak not under the left wing 

6. Feet over the head (testing on the head) 

(a) beak under the right wing 

(b) beak turned right but not under the right wing 

(c) beak under the left wing 

(d) beak turned left but not under the left wing 

Note: Beak not under wing indicates that the beak was either in front of 
the wing, resting on the wing, or its tip, or that it was back of the wing and 
resting on the thigh. In the case of embryos with head in the large end and in 
positions 1, 2, and 7a and b, the head was towards the air cell. 

Asmundson not only obser^’ed the position at hatdiing time of chicken 
embrj'os which had failed to hatch, but he also observed and classified embryo 
positions in turkeys, pheasants, and partridge. The most common malpositions 
he obser\’ed in eggs which failed to hatch were, in the order of importance, 
in chickens — A2, A4, A6' and Bl; in Ringneck pheasants — ^A2, A4, A7a, and 
Bl; in Chukar partridge — A2, A4, A7b, and B4; and in mrkeys — A2, A4, A5, 
and Bl. 

Physiological Development of the Chick Embryo 

The poultryman, as well as the physiologist, is interested in the physiology 
of the embryo and the physiological changes which occur during incubation. 
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A more thorough uoderstanding of these phenomena may help solve some of 
the problems of incubation. . , 

General metabolism of the embryo. Under the heading g 
metabolism, pH changes and water ™«aboUsm may be considered, g- 
eazzotti in 1913 reported the measurements he had made of the o 

which occurred during the process of incubation. He found that the 
ion concentration of unincubated eggs remained fairly constant, but t 
when fertile eggs were incubated the pH changed considerably, e Of 
incubation the yolks had a pH of 4.5 and the whites a pH of 8.3. 
incubation the pH of the yolks rose steadily to a pH of 6 about the tenth ^ 
and neutrality (pH7) by the sbeteenth day. The pH of the white dectea^ 
regularly to neutrality on the tenth day and a pH of 6 on the fifteenth ay 
of incubation. The allantoic liquid remains neatly neutral and the 
fluid remains neutral until the eleventh day, after which it becomes decided y 
acid in reaction. . 

The relative water content of chick embryos decreases from about 9*^ 
per cent on the fifth day to about 80 per cent at hatching time. The egg 
of the domestic fowl loses water by evaporation at a constant rate (about 
5 per cent weekly) during the process of incubation, the rate being governed 
by the relative humidity of the atmosphere of the incubator and the physical 
characteristics of the egg. During the first ten days water passes from the 
white into the yolk, the water content of the white decreasing and that of 
the yolk increasing. From the tenth day until hatching the yolk loses water, 
and by the twenty-first day the water content is about the same as that of the 
yolk of a fresh-laid egg. 

Energy for embryonic development. The chick embryo requires energy 
for its development. The sources of energy for the developing embryo are, 
in the order of their usage, carbohydrates, proteins, and fats. T^eedham says; 

It is possible that carbohydrate is first combusted because it requires no 
preparation. Proteitu must be deaminated, fats must be desaturated, and prob- 
ably the embryo in its earlier stages cannot do either of these things, but, on the 
other hand, glucose lies ready for use, and it is significant that what is com- 
busted is free, not combined, carbohydrate. There is already evidence that the 
power of desaoiiation of fats only arises at die comparatively late stage of de- 
velopment, eg., the tenth to the fifteenth day in the chick. And we may look on 
the unsaturated fatty aads which are notably present in the yolk as a preparation 
for these conditions. 

Carbohydrate metabolism. Though the egg contains only a small amount 
of carbohydrate material and this is used throughout the incubation period, 
b b the chief source of e^rgy during the early development of the embryo, 
^e orbohydrates found in the chide embryo during the early stages are very 
btgely glucose in combination with protein. During the first week glycogen 
prases outside the embiyo and free sugar increases within the embtjo. 

, '”S week the free glucose continues to increase and the 

glycogen oi the yolk sac increases. Between the seventh and eleventh days 
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some fat is transformed into carbohydrates by the embryo. By the tenth day 
the pancreas is secreting insulin. Beginning at about the eleventh day the 
liver is able to store glycogen. 

Fat metabolism. Fat is not utilized by the embryo until after the fifth 
day of incubation and it is not deposited in the embryo until after the 
tenth day. Fat serves as an important source of energy for the embryo, 
particularly during the later stages of development when most energy is 
needed. About 992 per cent of the fat of the egg is contained in the egg 
yolk. About one-third of the fat of the egg is lost by combustion and the 
other two-thirds is transferred to the embryo. 

Protein metabolism. The proteins of the embryo are derived from the 
proteins of the egg. A number of investigators have shown the decrease 
of the different amino acids in the egg white and yolk during incubation 
and the increase of these amino acids in the embryo as it develops. The 
amino acids essential for embryonic development must be present in the 
white and yolk of the egg. Those which have been identified are trypto- 
phane, tyrosine, histidine, arginine, lysine, and cystine. 

The percentage of nitrogen excreted by the chick embryo in different 
forms are ammonia 1 per cent, urea 7.6 per cent, and uric acid 91.4 per 
cent. During the first week the nitrogen is excreted principally as am- 
monia and urea, but after the first week it is excreted almost entirely as 
uric acid, which is the form in which the adult bird excretes nitrogen. 

Mineral metabolism. A number of investigators have worked on cal- 
cium metabolism in the hen’s egg during the process of incubation. It 
has been shown that in fertile eggs which are incubated the shell loses 
calcium and that the calcium content of the interior of the egg increases. 
This change occurs only when an embryo is developing in the egg. More 
calcium is transferred from the shell to the embryo when the relative 
humidity is high than when it is low. The transfer of calcium from the 
shell ro rbe embryo is ^Iso infiuenced by the amounr of vitzmin D present 
in the egg. 

Phosphorus is an important constituent of the embryo. Most of the 
metabolism of phosphorus occurs after the fifteenth day of incubation and 
is associated with bone formation. 

The sodium, potassium, and chlorine content of the white decrease 
throughout the incubation period, while the quantity of these elements 
present in the embryo increases steadily. In the yolk these elements in- 
crease until the seventh day and then decrease, thus indicating a greater 
movement of these elements from the white to the yolk during the first 
week than from the yolk to the embryo. All minerals needed by the chick 
embryo are obtained from the egg. 

Enzymes in embryonic development. Enzymes play an important part 
in the development of the chick embrj’o, reducing substances of the egg 
to less complex structures so that they may be utilized by the develop- 
ing cmbr}’o. Some are present in the egg and others are secreted by the 
embryo. 



138 


Poultry: Science and Practice 

Hormones in chick development. Very little is definitely known atout 
the function of hormones in the development of the chick embryo. Most 
of the hotmones are not present in the freshly laid egg but ate 
after the endocrine glands develop to a stage where they are capable ot 
seaeting them. Insulin and the estrogenic hormone are present in the 
yolk of the freshly laid egg. This yolk insulin may play an important 
part in carbohydrate metabolism before the insulin-secreting cells of me 
pancreas become functional. After the eleventh day the embryo is capable 
of insulin secretion. Adrenalin, which is secreted by the adrenal glands, 
is first formed in the embryo on the eighth day of incubation. 

.Pigment metabolism. The fresh egg contains only a few pigments but 
the chick contains several that are unlike those of the fresh egg. The embryo 
during its development is capable of synthesizing hemoglobin, bile pigments 
from the breakdown of hemoglobin, the carotenoid pigments (red and 
greenish yellow), and the mebnin pigments of the dark-colored chicks. 

Vitamin produaion by the embryo- Fresh eggs laid by hens properly 
fed for the production of hatching eggs contain all of the vitamins essential 
for hatching. Unless these vitamins are provided by nutrition of the breeding 
stock the embryo could not develop and hatch. Some of the vitamins, how- 
ever, are synthesized by the embryo. Those reported to be synthesized are 
inositol, nicotinic acid, and ascorbic acid. 

Factors Influencing hatching Results 

The incubation of an egg is a complex biological process tnSuenced by 
a large number of faaots, many of which man does not know or under- 
stand. Hatching results depend not alone upon proper incubation but 
upon the breeding stock and its management as well as the care the eggs 
receive from the time they are laid until they are set. Research workers 
are adding to the store of existing knowledge on this subject and, as in 
many other scientific fields, it is necessary for those interested in incubation 
to read and evaluate the reports continually being issued on this subject. 


Breeding Stock 

Those factors associated with the care and management of the breed- 
ing stock may be considered first because they influence the inherent hatching 
properti« of the egg and are therefore of prime importance. 

Inheritance. Hatchability of eggs of the domestic fowl has been shown 
to be an mhetited characteristic and therefore amenable to the laws of 
her^iY- Tbose hens which possess the ability to lay eggs which hatch 

TihV “ •kdr offspring 

'“”‘>"“■8 prop" breeding procedure poultry 
brewers can establish high-hatching families and strains 

hat'l^n kthal genes which cause the death of chick embryos 

have been reported m at least sia diffemat bteeds of poultty. The first of 
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Table 26 


THE DIFFERENCE IN HATCHABIUTY BETWEEN GROUPS OF DAUGHTERS, THE 
COMPOSITION OF THE GROUPS BEING DETERMINED BY THE 
HATCHABIUTY OF THE DAMS, IN WHITE LEGHORNS ^ 


Range in Per Cent 
Dami' Hatchability 

Number of Dama 

Mean Per Cent 
Dama* Hatchability 

! Number of 

1 Daughter! 

Mean Per Cent 
Daughter!’ 
Hatchability 

74.0-94.5 

36 

81.24±0.36 ! 

62 

63.40±1.92 

53.0-73.5 

24 

64.36d=0.76 ! 

1 

43 

S2.33±1.94 

Difference 


16.88±0.84 1 

1 

11.07±2.73 


these was found in Wyandottes at the Stotts Agricultural Experiment Station 
in 1923 . Since then lethal genes have been found in the Creeper chicken, 
crosses between Barred Plymouth Rocks and Rhode Island Reds, Dark 
Cornish, and two strains of White Leghorns. These genes are lethal only 
when they are present in the homozygous condition and therefore have 
been inherited from both parents. The maximum embryonic mortality 
which could result from such inheritance would be 25 per cent. 

Inbreeding where no specific seleaioo for hatchability has been prac- 
ticed has resulted in lowered hatchability (p. 99). But at the Jowa Agri- 
cultural Experiment Station, where in inbreeding experiments seleaion 
was made for high hatchability, satisfaaory hatchability was maintained 
in inbred lines. Crossing breeds or inbred lines tends to increase hatch- 
ability, particularly if the strains being crossed have relatively low hatch- 
ability. This is one of the expressions of hybrid vigor. 

Matings. The matings are likely to influence fertility (p. 103) and 
thereby the percentage of hatch of all eggs set. 

Age of breeding stock. Hens are generally recommended as more de- 
sirable for breeding purposes than pullets. The hen has proved her ability 
to survive and if she has been in a flock which is trap-nested she has a 
known production record, whereas diese qualities in the pullet are un- 
known. It should be noted, however, that more chicks can be produced 
from a given number of eggs laid by pullets than from a similar number 
of eggs produced by hens. 

Some haccherymen have abandoned the use of cock birds for use in 
hatchery supply flocks where chicks are desired during the winter and 
early spring months. Cockerels produce a much higher percentage of 
fertile eggs than do old males, especially during cold weather. The breeder 
who is doing progeny testing should use valuable males as long as they retain 
their vitality. 

Egg production. The experimental evidence which has been collected 
on the relationship of egg production and hatchability shows that those 
birds which lay well also produce eggs which hatch better than eggs laid 
by poorer producers (p. 104). The Mi^ouri Agriculmral Experiment Station 

' JuU, 1930. 
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stown, as indicated in Table 27, tba. eggs kid in multiple egg dmches 
(three to six consecutKe eggs) hatch better than eggs laid 'g 

clutches. Since both high egg ptoduction and good fetchability ^7 
considered as measures of vitality, it appears logical that these tno tt 
should be associated. 

Physical Characteristics of Eggs 

A number of investigations have been made for the purpose of determio 
ing the relationships beween physical characteristics of eggs and hatch- 
ability. The earlier work was on exterior characteristics but more recently 
studies have been made on the relation of certain interior characters an 
hatchability. 

Exterior characteristics. Several investigators have found that medium- 
sized eggs weighing from wenty-three to twenty-six ounces per dozen 
hatch better than do larger or smaller eggs (Fig. 80). What experimental 
evidence there is avaibble indicates that shape of egg within marketabb 
limits is not related to hatchability, but since egg shape is an inherits 
characteristic, all eggs abnormally shaped should be dbcarded and not used 
as hatching eggs. 

Shell texture. The monied appearance of the eggshell as observed by 
candling does not appear to be related to hatching results, as will be observed 
in Table 28. Mottling is not necessarily an indication of porous eggshells. 

• The California station found that an unc^’en distribution of moisture in the 
eggshell would cause monling. Poor shell texture resulting from a deficiency 
of calcium or vitamin D would, of course, be associated with low hatch- 
ability. 

Color of shell. Obsen.'3tions at the Ohio, Massachusetts, and Missouri 
stations have shown that medium and dark brown eggs hatch better than 
li^t brown eggs. 

Defective eggs. It has long been reojgnized that defective eggs should 
not be set not only because of poorer hatching results from such eggs but also 
because many of these physical charaaers of eggs are inherited and therefore 
the stock producing such eggs should be eliminated. The National Agri- 
culniral Research Center (Tabic 29) leponed hatching results which showed 
that the average percenuge hatch of all such eggs was only 44.4 per cent as 
compared to a hatch of 71.7 per cent for normal eggs used as controls. 

Interior quality'. There is some evidence that the color of the egg yolk 
is associated with hatchability. Since the richer<o!ored yolks generally con- 
tain more vitamin A than the light-colored yolks, the increase m hatchability 
associated with increased yolk color could be an effect of vitamin A 

Some observations made at the Missouri Agricultural Experiment Station 
aM at Ohio Sure University (Table 21) indicated that those eggs which 
showed the most rapid mos'cnient of interior contents when rotated before 
« Candler d.d nc« ^tch so weU as eggs which showed less moseroent. 
Wotlccrs at Cornell Unnersity have reponed that hens which lay eggs that 



Table 27 

POSITION OF EGG IN THE CLUTCH TO IIATCIIADILITY OF ALL FERTILE EGGS SET. 

ALL BREEDINC STOCK. 193S AND 1936 ^ 



* Data of Punk. 


HATCHA^ILITY 
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Fig. 80. Retatlonililp between pereenlo^e hotcfiabllity end aver' 
age egg weight per bird, bated on the record* ol 367 hem ond 
for one hatching leaian. (From Godirey.) 


have a low albumen 
score hatch better 
than eggs which have 
relatively high scores. 
Thus it appears that 
good albumen qual- 
ity and high hatcha- 
bility are associated- 
Testing hatching 
eggs before incuba- 
tion. The testing of 
hatching eggs before 
regular, incubation to 

determine fertility, 
sex, etc, has been ad- 
vocated from time to 
time but most of 


sudi claims have been discredited. Howex’er, within recent years some prog- 
ress has been made on such tests. 


The National Agricultural Research Center at Beltsville, McL, Has re- 
ported that eggs pteincubaced for about eighteen hours can be candled and 
the infcriiles removed with an accuracy of about 90 per cent. They have 
al» found that such eggs can be cooled and shipped and then incubated to 
give satisfactory hatches. The elimination of infertiles before shipping hatch- 
ing eggs would result in a considerable saving in transportation costs and 
would also save space in the incubators. 


Table 28 

REI.AnON OF SHELL TEXTURE AND HATCHING RESULTS * 



Oth=r obser,...om at Bdnvak show that by tapping eggs to 

“emulois aif cel§ ha^g 
‘“’''“S diSetent hatchability. 

The Onttal E^timental Fatm of Canada (1940) tepotted that egB 

«nt bettS^ than eggs cU 
low st«.6c gtavtty. The relative amount of shell is most impoStt in 
deietmm ing the specific gravity of an egg. important m 

* Mo. Agr. Expe Sta. Bui. 341. 
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Table 29 


PERCENTAGE INFERTILITY AND PERCENTAGE HATCHABILITY OF VARIOUS 
TYPES OF DEFECTIVE EGGS.^ 



• Nuwbee 
OF Eces 
Set 

•Pe»- 

Ik- 

Eccs 

Pra- 

NtniBEE 
or Cbicks 
Hatched 

1 Percentage Hatch 

TyTE or DEFECTIVE E0G8 

or Total 
Eccs Ee- 
awined 

or Eccs 
la- 

Fertile 

Eggs 

Set 

Total 

Egg* 

Set 

Crackedeggs 

Extra larae eees f65 er. ' 

610 

1.27 

155 

25.4 

242 

53.2 

39.7 

or more) 

Small eggs (45 gr. or 

332 

.69 

113 

34.0 

155 

70.8 

46.7 

less) 

155 

.32 

80 

51.6 

60 

80.0 

38.7 

Misshapen eggs ; 

68 

.14 

21 

30.9 

23 

48.9 

33.8 

Poor shells 

102 

.21 

28 

27.5 

35 

47.3 

34.3 

Loose air cells 

47 

.10 

13 

27.7 

11 

32.4 

23.4 

Misplaced air cells 

406 

.85 

89 

1 21.9 

216 

68.1 

53.2 

Large blood spots 

174 

.36 

37 

1 21.3 

98 

71.5 

S6.3 

All defective eggs 

1,894 

3.95 

536 

28.3 

840 

61.8 

44.4 

Control eggs 

3,031 


537 

17.7 

2,174 

87.2 

71.7 


* The first two columns of figures in Table give tbe numbers and percentages of eggs of various typ e s found 
among 47,950 newly Uid White Leghorn eggs. 


Romaooflf of Cornell University has by the use of a high frequency field 
found differences between fertile and infertile eggs. 

Nutrition. Unless the egg contains all of the essential materials for 
developing and hatching a normal chicks it will fail to hatch. The chick 
embryo -must obtain everything necessary for its development, except air, 
from the egg itself. All of the nutrients needed for developing the chick 
embryo must be placed in the egg by feeding the breeding stock. An in- 
fluence of the presence of a toxic substance in the ration on embryo de- 
velopment is shown in Figure 81. 

Weather conditions. Every experienced hatchery operator knows that 
his hatches are greatly influenced by weather conditions. There are sev- 
eral ways in which the weather affects hatching results, but at this point only 
its effect on the breeding stock will be considered. Severe "cold waves" which 
often sweep over the United States during the winter months freeze the 
combs and wattles of the breeding stock and reduce the fertility of eggs laid 
during the second and third weeks following the cold weather. Since the 
hatchability of fertile eggs is also reduced by these "cold waves," it appears 
that the metabolism of the bird may be an important factor affecting hatch- 
ability. 


Care of Hatching Eggs 

The hatchabili^’ of eggs containing all the materials required for chick 
development can be completely destroyed by improper care. 

‘Olsen and Haynes, 1949. 








Temperature. The hatchability of an egg can be destroyed by holding 
either at too high or too low a tempcratuie. Duiing cold weather eggs io* 
tended for hatching purposes ate frequently held at temperatures injurious 
to their hatchability. While eggs may be held at relatively low temperatures 
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for some time, there are definite limits beyond which one does not dare go if 
satisfactory hatchability is to be secured, as indicated by the results shown in 
Table 30. However, the Maryland Agricultural Experiment Station in 1945 
reported results which showed that temperatures of 32° F. and 38° F. for 
one to seven days were not detrimental to the hatchability of eggs laid by 
New Hampshires. 


Table 30 


THE EFFECT OF LOW AND HIGH TEMPERA- 
TURES BEFORE INCUBATION ON HATCHING 
RESULTS * 


Days Heid 

1 Holding Teuperatuxe 

32“ F. 

90“ F. 

I 

63 

73 

2 

65 

58 

3 

36 

57 

4 

SO 

46 

S 

0 

23 

6 

0 

19 

7-13 

1 ^ 

0 


The ideal holding temperature appears to be a constant temperature some- 
where between 50° F. and 55° F. (Table 31 ) . The Kansas State Agricultural 
College found that Leghorn eggs held at 54° F. maintained excellent hatch- 
ing quality for as long as twenty days. 

Table 31 


INFLUENCE OF HOLVIKG TEMPERATURE ON HATCHABILITY ® 


Date Held 

At so* F. 

1 AtSS“F. 

Of All Zggi 

Of Fertile Eggi 

Of All Egg* 

Of Fertile Egg* 

7 

67.9 

80.4 

67.1 ' 

80.0 

14 i 

67.2 

77.0 

63.9 

72.1 

21 

54.5 

60.1 

56.7 

60.4 

28 

43.2 

50 0 

24.2 

26.3 

35 

17.8 

22.2 

4.7 1 

59 

42 

3.3 

6.5 

0.0 1 

0.0 


Temperatures above 82° F. are not satisfactory for holding hatching eggs, 
because slow embr)'onic development occurs which weakens the embryos 
and results in high embryonic mortality during preincubation and during in- 
cubation. Hatcheries located where high summer temperatures prevail usually 
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Poultry: Science and Practice 

A staple u-ay to (acllitate ratning is to place the eggs in a case 
end dLn and tilt the case daily by placing a block nndet one end o( the 
case Work (unpublished) at the Missouri Station showed that tor eggs 
at 55° F. turning teas of no benefit unless they were held ten days o'- 0"8“ 
Oeaning soiled eggs. Eggs that become soiled do not hatch well, 
eggs may be dry cleaned or they may be cleaned by w^hing without peer- 
ing hatchability. The Missoxiri Station found that soiled eggs ^ 

washing in a disinfea'mg solution slightly warmer than the eggs, hatched ^ 
well as unwashed clean eggs. The use of a warm disinfecting solution ten 
to prevent bacterial penetration through the shell. Eggs cleaned by washing 
in warm water also hatched well. 

Requirements for Incubation 

Four environmental conditions are necessary for successful incubation, 
proper temperature, adequate ventilation for respiration, sufficient humidity, 
and correa position of the eggs. For best results each of these conditions 
must be controlled and kept within definite limits. The sciences of physics 
and engineering have developed modern incubators which make possible in- 
telligent control of the environment of the egg during incubation. 

Temperature. Investigators have attempted to establish the correct op«* 
ating temperature fot incubators by determining the temperature at which 
eggs are kept when incubated naturally. Since the body temperature of hens 
varies from hen to hen and for individual hens during the day, the resuls 
obtained have not been uniform. Electric resistance thermometers were used 
at the Montana Agricultural Experiment Station for determining the tem- 
petatuxe of the egg during nicutal incubation. That station repotted in 1925 
that in natural incubation the average lemperanire at the top of the egg on 
the outside of the shell was 102.3® F, The temperature at the bottom of the 
egg was from fifteen to eighteen degrees lower during the first few days of 
incubation, but during the last few days of incubation it was only ten to 
twelve degrees lower. At the Missouri Agricultural Experiment Station in 
1936 an attempt was made to measure by means of a thermocouple the tem- 
perature of the egg between the shell and shell membranes at the top and 
bottom o! eggs being incubated naturally. These results, as shown by Figure 
82, indicate that soon after the hen goes on the nest that portion of the egg 
neat the germ spot is warmed-, and after a few hours the bottom of the egg 
may be only 10° F. lower than the top of the egg. For determining the tem- 
perate of the incubating egg, temperatures taken beneath the shell are more 
satisfaaory than tem^atures taken outside of the shell 

It U a popular notion that the teroperatute of broody hens is higher than 
that ^Donbroody hens. Investigations, however, show that thU is not the 
c^. Tbe internal body temperature of the broody hen is usually lower than 
'iZl u Anyone who handles broody hens which have 

bro^y for some time wiU observe that they have few feathers on the 

Wr 5° T ' of fearers from the 

,h, ■.■arming of rho eggs by th, broody him; and for ability 
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placed under a broody ben. 

to transmit heat to the egg the broody hen, no doubt, excels the nonbroody 
hen. Poulcrymen observe this condition and conclude that the temperature of 
the broody hen is higher than chat of the nonbroody hen. 

While the difference in temperature between the top and bottom of an 
egg incubated under a hen may be 10® F. or more, the difference in the tern* 
perature at similar positions in an incubator may be only 4® F. in "still-air” 
machines and the same teraperatuce in forced-draft incubators. Since humid- 
ity and ventilation influence temperature retjuirements, the application to 
artificial incubation of knowledge gained of temperature under natural in- 
cubation is rather limited. The most valuable contributions have therefore 
been made by those who have incubated eggs under controlled artificial condi- 
tions and determined the response of the embryos to definite experimental 
conditions. 

The Purdue Agricultural Experiment Station investigated the effect of 
temperature on the occurrence of dead embryos in "still-air" incubators. The 
investigators reported best hatching results when eggs were incubated for 
three w-eeks at 101® F. when the bulb of the thermometer w’as inches 
above the bottom of the egg tray. When the temperature was lowered to 
100® F. or lower, or raised to 103® F. or higher, the percentage of dead em- 
brj’os W’as greatly increased. The National Agricultural Research Center has 
investigated the temperamre requirements for eggs incubated in machines 
where the relative humidity w'as 60 per cent, the concentration of oxygen 21 
per cent, the concentration of carbon dioxide less than 0.5 per cent, and air 
movemenr 12 cm. per minute. Under these conditions it w’as found that a 
temperature of 100® F. gave the best hatchabiiit)’. The work of Barott (Figs. 
83 and 84) shows quite clearly the detrimental effects on hatchabiittj' of 
both high and low temperatures. That the temperature requirements are not 
the same throughout the incubation period is indicated by work reported by 
Cornell University in 1936, which show’cd that by low'ering the temperature 


PouUry: Science and Praciice 

A staple way to facUime turning is to plane the eggs in a case with ^ 
end down and tilt the case daily by planing a block under one end ol tte 
case. "Work (unpublished) at the Missouri Station showed that for eg^ 
at 55° F. turning was of no benefit unless they were held ten days * 

Qeaning soiled eggs. Eggs that become soiled do not hatch welL hu 
eggs may be dry cleaned or they may be cleaned by washing without 
ing hatchability. The Missouri Sution found that soiled eggs 
washing in a disinfecting solution slightly warmer than the eggs, hatched 
well as unwashed dean eggs. The use of a warm dismfeamg solution t^ds 
to prevent baaerial penetration throng the shelL Eggs cleaned by was mg 
in warm water also hatched well 


Requirements for Incubation 

Four environmental conditions are oeassary for successful incubation, 
proper temperature, adequate ventilation for respiration, sufficient humidity, 
and conect position of dae cg^ For best results each of these conditions 
must be controlled and kept within definite limits. The sciences of physics 
and engineering have dcs'cloped modem incubators uhich make possible m- 
telligeat control of the envirooroent of the egg during incubation. 

Temperature. Investigators have attempted to establish the correct opj^ 
aiing temperature for incubators by determining the temperature at whidi 
eggs are kept when incubated naturally. Since the body temperature of hens 
varies from hen to hen and for individual hens during the day, the iesol» 
obtained have not been uniform, Electric resistance thermometers were used 


at the Montana Agricultural Experiment Station for determining the tem- 
perature of the egg during natural incubation. That station reported in 1925 
that in natural incubation the average teroper a rure at the top of the egg on 
the outside of the shell was 102.5° F. The temperature at the bottom of the 
egg was from fifteen to eighteen degrees lower during the first few’ da)rs of 
incubation, but during rite last few days of incubation it was only ten to 
twelve degrees lower. At the Missouri Agriculmral Experiment Station in 
1956 an attempt was made to measure by means of a thermocouple the teffl- 
perature of the egg between the shell and shell membranes at the top and 
bottom of eggs being incubated namraJly. These results, as shown by Figure 
82. indicate that soon after the hen goes on the nest that ponion of the egS 
near the germ spot is warmed; and after a few hours the bottom of the egg 
nu) be only 10 ' F. lower than the top of the egg. For determining the tern- 
peramre of the incubating egg. temperatures uken beneath the shell are more 
sathfiacry than temperatures taken outside of the shell 

It h a popular notion that the tcmperanire of broody hens is higher than 
that i^nonbtoody hens. Investiptions. howescr, show’ that this is not the 
caw. in-cnul body tcmpcraru.'e of the broody hen is usually lower than 
t.< o^ftojy !«,. Anyone »ho handles broody hens which have 
broc^y for vrrw time will observe that they have few feathers on the 
arid tlut the breast appears tpalte warm. The Joss of feathers from the 
Weait fat.lta-es the warming of the eggs by the broody hen; and for ability 
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to transmit heat to the egg the broody hen, no doubt, excels the nonbroody 
hen. Poultrymen'observe this condition and conclude that the temperature of 
the broody hen is higher than that of the nonbroody hen. 

While the difference in temperature between the top and bottom of an 
egg incubated under a hen may be 10® F. or more, the difference in the tem- 
perature at similar positions in an incubator may be only 4® F. in "still-air" 
machines and the same temperature in forced-draft incubators. Since humid- 
ity and ventilation influence temperature requirements, the application to 
artificial incubation of knowledge gained of temperature under natural in- 
cubation is rather limited. The most valuable contributions have therefore 
been made by those who have incubated eggs under controlled artificial condi- 
tions and determined the response of the embryos to definite experimental 
conditions. 

The Purdue Agricultural Experiment Station investigated the effea of 
temperature on the occurrence of dead embryos in "still-air" incubators. The 
investigators reported best hatching results when eggs were incubated for 
three weeks at 101® F. when the bulb of the thermometer was inches 
above the bottom of the egg tray. When the temperamre was lowered to 
100® F. or lower, or raised to 103® F. or higher, the percentage of dead em- 
bryos was greatly increased. The National Agricultural Research Center has 
investigated the temperature requirements for eggs incubated in machines 
where the relative humidity was 60 per cent, the concentration of oxygen 21 
per cent, the concentration of carbon dioxide less than 0.5 per cent, and air 
movement 12 cm. per minute. Under these conditions it was found that a 
temperature of 100° F. gave the best hatchability. The work of Barott (Figs. 
83 and 84) shows quite clearly the detrimental effects on hatchability of 
both high and low' temperatures. That the temperature requirements are not 
the same throughout the incubation period is indicated by work reported by 
Cornell University in 1936, which show'ed that by lowering the temperature 
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temperature (*F.) 

Fig. 83. e( t«mp«r4tur« of ln««be!lof» on porctntogo of (ortilo oggt ho»ch*d-reIolN» 
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M much as 3 C., during the last few days of incubation, hatchability was 
increased and the quality of the chicks was improved 
Both hi^ and low Kmpetamres result in abnormal development and re- 
duced hatchabihty High tempetatutes at first accelerate but later retard the 
rate of growth and the CO, output, while low temperatures retard growth 

-iuse an early mortality 

prak, while both high and low temperatures cause heavy mortality on the 
blZ'“„ M t The total length of *e incu- 

LenwfoWa«hl'°'“h*“'' ”^1 he varied from nineteen to 

SrrnT.W hy incubating eggs at temperatures from 103.5° F. to 96° F. 
By incubating eggs in a still*air machine at P K.ur/-K’ l j t 
until the twenty-eighth day. Best hatches are orod d 
chicks hatch on the twent^-fitst da, oMnSiad^^f ’ however, when the 
operation it is desirable tlm all chicks be om oTa. ■ hatchery 

the twenty-first day so that senings may be mad “eubatots by the end of 
It should be noted that satisfaaotv Lmt, ^ 'h^e-weeks' schedule, 
incubatois though the temperatute^av if'” obtained with farm 

for a short time® These results Z S LphTueT '°.8° 
petatutes did not prevail long enliS loFthf ^ if *' tem- 

high temperatures. ^ ^ embryos to be heated to such 


temperatureC'f.) 
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Fig. 84. Efftet of Incubation temperotufe on the lim» of hotehing chicken eggs. (Sarett, 
1937.) 


prevail when the hen leaves the nest was generally recommended, Poultry- 
men believed that removing the eggs from the incubator and cooling the eggs 
improved hatching results and in many cases this belief was well founded. 
Most manufacturers of the early farm incubators recommended operating 
temperatures which were higher than those later found to be optimum, and 
as a result of cooling the average incubating temperature was reduced and 
the hatch was thereby improved. It has been demonstrated by commercial 
hatcherymen that cooling eggs is not essential for successful hatching when 
the incubators are properly ventilated and operated at the correct tempera- 
ture. 

The effect of prolonged cooling on the hatchability of eggs is of interest 
to the hatchery industry because occasionally storms and flo^s cause electric 
current interruptions to the hatcheries. The California Agricultural Experi- 
ment Station investigated the effea of a twelve-hour electric current inter- 
ruption on hatching results where the room temperature was approximately 
70® F. This station reported in 1933 that such interruptions (twelve hours) 
on one day during the incubation period reduced the hatch 3.4 per cent and 
increased the number of unsalable chicks from 1.8 per cent to 3.^ per cent. 
These results show that clearic current interruptions for several hours do 
not seriously affect hatching results. During current interruptions the cem- 
pecatuce in the top of the incubatot may go too high. 

Humidity. While humidity in the incubator may vary’ considerably with- 
out reducing hatching results appreciably, there are definite limits and opti- 
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mum humidity conditions. As in the case of temperature, the first investiga- 
tions made for the purpose of determining the proper humidity conditions 
for incubation were made to determine the loss in weight which occurs during 
natural incubation. The Ontario Agticultural College reported in 1908 re- 
sults which showed that during July and August eggs incubated naturally lost 
12.0 per cent of their weight by evaporation. These hens hatched 71.5 ^r 
cent of all eggs set and 86.0 per cent of the fenile eggs. The average relative 
humidity of the air in the nests under these hens was 59.2 per cent. The 
Virginia Agricultural Experiment Station found that for eggs W’hich hatched 
under hens the loss in weight for the first five days was 4.17 per cent, for the 
next seven days 6.35 per cent, and for the following seven days 6.98 per cent 
or a total loss of 16.54 per cent for the nineteen days of natural incubation. 

The important humidit)' faaor in incubation is the relative humidity of 
the atmosphere surrounding the eggs. Relative humidity' is expressed as the 
percentage of saturation of the air. A relative humidity' reading of 60 per cent 
means that the ait is carrying 60 per cent of the water vapor it is capable of 
holding at that temperature. The amount of moisture the air can carry varies 
•with the temperature; 1000 cubic feet of air can carry 1.153 pounds of water 
vapor when the temperature is 70* F., and 2.855 pounds when the tempera- 
ture is 100° F. Air carrying 1.71 pounds of water vapor per 1000 cubic feet 
at 100° F. would have a relative humidity of 60 per cent. 

The gauge used for determining humidity conditions in the modern in- 
cubator is the wet bulb thermometer. The principle involved in estimating 
moisture conditions from the wer bulb reading is that when the atmosphere is 
dry evaporation from the wet bulb is increased, and therefore the bulb of the 
thermometer is cooled to a lower temperature than the dry bulb thermometer 
records. High wet bulb reading indicate high humidity in the incubator 
whereas low wet bulb readings indicate dry atmospheric conditions. The rela- 
tive bumidity as indicated by certain differences between dry bulb and w'ec 
bulb thermometer readings is given in Table 35. 

Hatchability of eggs is very definitely affected by moisture conditions. 


Table 35 

REU.TIVE HUMIDITY AS DETERMINED BY DIFFERENCES IN WET BULB 
AND DRY BULB THERMOMETER READINGS 
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Investigations made at Cornell University and the National Agricultural 
Research Center (Fig. 85) showed that most satisfactory hatches were ob- 
tained when the relative humidity of the egg chamber was 60 per cent. The 
results of experiments reported in 1938 by the Iowa Agricultural Experi- 
ment Station showed that in modern mechanically ventilated incubators where 
the temperature was 99.7° F. the growth of the embryo was not significantly 
different when the relative humidity was 40 per cent, 62 per cent, or 80 per 
cent. 

That there is a definite relationship between humidity and temperature 
is shown by the work of Townsley. He found that when large forced-draft 
incubators were operated at 99° F. and wet bulb readings of 75° F., 85° F., 
and 90° F., the chicks hatched where the humidity was high (90° F. wet 
bulb reading) came out about twenty-four hours earlier than those hatched 
where the wet bulb reading was 85° F. The chicks hatched where the humid- 
ity was low (wet bulb reading of 75° F.) were twenty-four hours later in 
hatching than those in the machine where the wet bulb reading was 85° F. 
The chicks produced where the humidity was high and also where it was low 
were small and showed "stickiness.” It was found that the length of the in- 
cubation period could be adjusted to twenty-one days by operating the incu- 
bators with the following dry bulb and wet bulb temperatures, respectively: 
98° F. and 90° F., 99° F. and 85° F., and 100° F. and 75° F. 

Humidity is an important factor in the control of pullorum disease daring 
incubation. Relatively high humidity at hatching time minimizes the circula- 
tion of down in the incubator and thereby reduces the spread of pullorum. 
Fumigation of incubators is more efFeaive when humidity is high. 

Most experienced incubator operators try to keep the wet bulb tempera- 
mre about twelve to fourteen degrees below the dry bulb reading during the 
first eighteen days of incubation and only ten degrees lower than the dry bulb 
temperature while the chicks ace hatching. Reducing the humidity of the in- 
cubator or separate hatcher after the hatch is complete strengthens the chicks 
and improves their appearance when they are removed from the trays and 
placed in chick boxes. Some evidence recently presented indicates that in some 
incubators and under some conditions the humidity should be lowered dur- 
ing the 19th and 20th days of incubation to dry out the shell and thus permit 
more oxygen to pass through the shell to the embryo. (Work at the Utah 
Station by Stephenson, however, did not support this conclusion of oxj’gen 
deficiency at this stage of embryonic development.) Adding supplemental 
oxygen to chicken eggs the last four days of incubation increased hatchability 
3 per cent while withholding supplemental oxygen during the same period 
reduced hatchability 1 per cent. As the increase in hatchability was only 
.7 per cent for each day it was given, these differences are insignificant. 

The use of supplemental oxygen for turkey eggs improved hatchability of 
fertile eggs 3 per cent if given from 0 to 5th day, 5 per cent from the 6th 
to 14th day, 3 per cent from 15th to 25rd day, and 5 per cent from 24th to 
the 28th day. These differences, when considered in relation to the variation 
beween trays given the same treatment, do not show supplemental oxygen 




fig. 8S. of folotWe humldlly during Sncvbotion on hotthobility, oxygon 2i 
oerbon dioxido botow OJ p«r <«ni. (Sorott, iW7.) 


to be of greater value during the last five days chan at other periods of incuba* 
tiotL 

Ventilation. Since the chick embryo is an animal organism and thereiore 
requires oxygen for its development, adequate ventilation is essential for 
successful incubation. A normal fertile hen’s egg contains all of the materials 
necessary for embryonic development, except air. The embryo obtains the 
oxygen necessary for growth from the ait which passes through the pores or 
the eggshell Closing these pores causes suffocation of the embryo. 

Carbon dioxide as a factor in incubation. The detrimental effect of CO; 
on hatchablUty has sometimes been questioned. Some investigators were led 
to believe that CO, depressed hatchability only to the extent that it replaced 
oxygen and therefore lowered the oxygen content of the air. Recent research 
work by Barott shows that COj has a detrimental effect on embryonic de- 
velopment, though the oxygen content of the air is held constant at the most 
desirable level (Fig 86). 

Early work at the Ontario Agiiculmial College showed that the CO; con- 
tent of air in the ben's nest during incubation was .32 per cent, in an in- 
cubator .10 pet cent, and in ihe alt in die incubator room .07 per cent. Since 
the hens were more successful than the incubators in incubating the egS^ 
anempts were made to improve artificial incubation by introducing some CO; 
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Fig. 86. Effect of carbon dioxide on hatchability. a, The percentage of carbon dioxide was 
kept constont throughout incubation, b. The percenloge of carbon dioxide was kept constant 
at .5 per cent and allowed to accumulate to per cent (x) and to 10 per cent (y) and then 
kept constant. (Borott, 1937.) 

into the incubators. The results obtained indicated that introducing COg into 
incubators did not improve hatching results. 

Ventilation of incubators is essential for the removal of COg produced by 
the developing embryos and for supplying fresh air containing a normal 
quantity of oxygen. Results obtained at Cornell University showed that when 
the carbon dioxide content of the air was 1.0 per cent or more and the oxygen 
was reduced accordingly, the growth of the embryos was slow; and such ab- 
normalities as crooked toes, deformed beaks, and malpositions were common 
and mortality was high. The Wyoming Station found that increasing the ox- 
ygen content of the air in incubators at high altitude (5200 to 7200 feet) in- 
creased hatchability of both chicken and turkey eggs. 

Position of the egg and turning. Best hatching results are obtained when 
the large end of the egg is uppermost. This is the namral position of an egg 
incubated by a hen, since the egg has a shape which causes it to assume such 
a position and the concave shape of the nest forces the eggs into a slightly 
tilted position. As early as 1886 Dareste reported that eggs incubated in a 
vertical position with the large end up developed normally, whereas those 
incubated with the small end up showed abnormal development. Research 
work at the National Agricultural Research Center reported in 1931 showed 
that when eggs were incubated wdth the large end up, only about 2 per cent 
of the embr}’os developed with their heads in the small end of the egg, but 
that when eggs were incubated with the small end up, about 60 per cent of 
the embr)-os developed w’ith their heads in the small end of the egg. The posi- 
tion of the embryo is determined during the second week of incubation, 
gravity being an important factor in determining the position of the embrj’o 
in the egg. As early as 1907 Eycleshymer reported that eggs standing on the 
small ends at an angle of 45® hatched better than those eggs laid flat. His re- 
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suits, however, were based on relatively few eggs and therefore were incon- 

"'“More recently (1953) the Missouri Agricultural Exj^riment Station re- 
ported the following data on the relation of angle of turning eggs to ate i g 



The Missouri results appear to justify the following conclusions: (1) 
angle of turning eggs during incubation affects hatchability very greatly. (2) 
Turing eggs 30° as compared to 20° increased the percentage of hatch from 
61.3 per cent to 69.6 pet cent or 8.3 per cent. (3) In three series of expen- 
ments, turning eggs 45° as compart to 30° increased the percentage of 
hatch by 5.9 pet cent. (4) Turning eg^ 40° as compared to 30° increased 
the percentage of hatch of all eggs by 5.2 pet cent and 3.6 per cent in t^o 
experiments. (5) In two series of tests with fresh eggs (1—7 days) turning 
eggs 45° as compared to 40° resulted in an increase of 0.5 per cent in one 
series and 92 per cent in the other series. (6) Inaeased turning imprerved 
the percentage of hatch of all eggs set for eggs held one, two or three w'eeks. 

For normal embryonic development it is necessary to turn or rather shift 
the position of the egg during incubation, panicularly during the first twelve 
days. Failure to do so results In mortality because the embr)Os stick to the 
shell membranes or the yolk adheres to the allantois. The hen turns the eggs 
under her by shifting her body and by using her beak to shift the position of 
the eggs. Observers have found diat the broody hen may turn her eggs as 
oft™ as ten times in two hours and at least every hour during the day and 
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A number of recent investigations have contributed data which show that 
hatchability is increased by turning up to eight times daily. (See list of refer- 
ences.) In commercial hatcheries where forced-draft incubators are used, eggs 
are not turned but merely shifted in position by tilting the eggs about their 
short axis. As long as eggs were incubated in incubators where hand turning 
was required, twice daily was considered sufficient turning; but with the in- 
vention of simple egg-turning devices attention was centered upon the extra 
chicks which could be produced by turning the eggs more frequently. 

Natural Incubation 

Although the tendency is for artificial methods of incubation to replace 
natural methods, a relatively high percentage of the chicks produced in some 
sections of the United States continue to be hatched by hens. With the eggs 
of some species natural methods of incubation remain most efficient. How- 
ever, in the case of the chicken, duck, and turkey, man has perfected artificial 
methods of incubation which give results superior to those obtained when 
natural incubation is used. 


Artificial Incubation 

The art of hatching chickens by artificial methods has been known by man 
for several thousand years but only within the last fifty years has this method 
been applied within the industry on a large scale. The economical commercial 
production of poultry and eggs is dependent upon artificial incubation be- 
cause the time of hatching can be controlled; the spread of diseases and para- 
sites can be reduced; and the amount of labor required for incubation is re- 
duced. 

History of artificial incubation. To trace the history of artificial incuba- 
tion, it is necessary to deive into the earfy history of the Chinese and Egyprian 
civilizations. This has been done by a number of writers. The Chinese de- 
veloped the method as shown in Figure 87 in which they heated the eggs with 
a charcoal fire. The Chinese also used the hot-bed method (decomposition of 
manure) for heating incubators. The Eg)’ptians constructed large incubators 
heated by fires built in the rooms where the eggs were incubated. These 
Egyptian hatcheries were constructed of brick and had a capacity of 90,000 
eggs. They were operated on a toll basis, two chicks for each three eggs set 
being returned to the flock owner. Reaumur in 1750 construaed an incubator 
and hatched chicks successfully by using fermenting horse manure as a source 
of heat. It is interesting to note that in southern Australia there is a bird, 
Lcipoa ocellata, which incubates its eggs by preparing a nest of vegetable 
matter in the sand, which later provides by fermentation suflicient heat to in- 
cubate its eggs. In 1770 an Englishman, John Champion, hatched chicks by 
passing hot air through the room where the eggs were located. Bonneman, a 
French physician, in 1777 hatched chicks by heating a hatching oven with 
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circulating hot water. The first American incubator, a hot w’ater machine, 
built in 1844. The first mammoth incubator in America was built by Char es 
A. Cyphers in 1895. It was a 20,000*egg duck incubator of the room t)'^* 
Dr. S. B. Smith apparently built the first forced-draft incubator, which he 
patented in 1918. The Petersime Incubator Company introduced in 1923 
first all-clecttic incubator. In recent years several new machines have been nC' 
veloped and all makes have been improved. 


Modem Incubators 

Incubators serve two dbtinct purposes: the production of chicks for the 
use of the operator, and the commercial production of chicks for sale. Those 
used for the first purpose are known as farm incubators and those used by the 
commercial chick hatcheries are called mammoth incubators. 

Farm incubators. While the percentage of chicks hatched in small in- 
cubators has decreased since the development of commercial chick hatcheries, 
many producers still use small Incubators for producing chicks for their o^'O 
use. With the development in recent years of more rural electric power lines 
the use of small elearic incubators has been increasing. Many of these small 
incubators are now of the forced-draft type. 

Mammoth incubators. The invention of the mammoth incubator made 
possible the development of the modern chick hatchery which now produces 
more than 90 per cent of the diicks hatched in the United States. Two types 
of incubators are used in hatcheries — seaiorul and forced-draft machines- 
Before the invention of the cabinet or forced-draft incubator, commercial 
hatcheries were etjuipped with seaional incubators. Seaional madiines have 
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the advantage of being independent of electricity and therefore can be oper- 
ated in rural areas where electricity is not available. 

Cabinet or room-type incubators have these advantages: (1) They require 
a minimum of floor space. (2) The control of temperature, humidity, and 
ventilation are simplified and the turning of eggs made easier. (3) They are 
better adapted to use in business districts than die sectional machines because 
less space is required. 

These advantages have caused most hatcherymen to turn to the cabinet or 
forced-draft incubators. In recent years practically all new incubators pur- 
chased for use in hatcheries have been of this type (Figs. 88 and 89). 

A recent development has been the separate hatcher. These units are de- 
signed for hatching purposes only. The eggs (chicken) are incubated else- 
where until the eighteenth day, when they are transferred to the separate 
hatcher, such as shown in Figure 90. Some of the incubator companies have 
built compartments into their machines which are used only for hatching and 
therefore are separate hatching units. 

Fuels used for heating incubators are oil, coal, gas, and electricity. Small 
farm incubators are usually heated with kerosene. Coal and gas are used for 
heating sectional machines which are heated by hot water. Forced-draft ma- 
chines require electricity for the operation of the fans which are necessary 
for circulating the air in these machines. In most cases these machines are also 
heated with electricity. However, some large incubating units are heated by 
hot water which is warmed by coal-burning heaters. Fuel cost is a consider- 
able item in the cost of producing chicks and should be considered when 
selecting an incubator. 

Management of the Incubator 

Proper management of the incubator is essential for the production of 
chides. Unless all the requirements for the developing chick embryo are satis- 
fied, poor hatches will result. 

Regulating the temperature. The temperature of an incubator must be 
controlled within very narrow limits. The instructions of the manufacturer 
should be followed, keeping in mind the temperature requirements previously 
discussed as factors influencing hatching results. All incubators are equipped 
with temperature-regulating mechanisms which are sensitive to temperarare 
changes inside the incubator. In the electrically heated machines the thermo- 
stat makes and breaks the elearic circuit and thereby the temperature can 
tisually be kept within very narrow limits. In incubators heated by other 
sources, a thermostat is used which regulates the amount of heat entering the 
compartments where the eggs are located. 

If, for some reason, the source of heat is cut off for several hours, linie 
damage may be done. In case of such interruptions, the room temperature 
should be kept up and the heat inside the incubator conserved by closing the 
ventilators on the machine. Precautions should be taken to prevent the tem- 
perature in the top of the incubator from going too high. 
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Fig. 89. Some (oreed-droft Incubators. From fop to boKom: o sectional view of a 24,000.«gg 
Buckeye Incubator (Buckeye Incubator Company); q Peterilme Incubator with separote hatch* 
ing compartment (Peterslme Incubator Compony); a Smith 78,000.«gg capacity Incubotor 
(Smith incubator Company}; o Robbins Incubator with a separote hotehing comportment 
(Robbins Incubator Company). 




Fi3- 90. Bosy chtcki teody to leove a seporote hatcher. 

beat in mtnd that the incubator cannot be properly ventilated unless the room 
in which the machines are located contains fresh air. Therefore the room must 
be ventilated before any progress can be made in ventilating incubators lo* 
cated in such rooms. The oxygen tecpiirements of chick embryos increase very 
rapidly as they develop and therefore ventilation must be increased during the 
later stages of incubation. 

The rate of circulation of the air in the incubator does not appear to be a 
faaor affeaing the incubation of the eggs of most species; but apparently 
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pheasant eggs hatch better in "still air” than in the circulating air of forced- 
draft incubators. The Pennsylvania Agricultural Experiment Station reported 
that pheasants hatched better when the eggs were transferred from forced- 
draft incubators to "still-air” sectional machines for hatching. 

Turning the eggs. Turning during the early stages of incubation is neces- 
sary for normal embryonic development. Best hatdhing results are obtained 
when the eggs are turned at least eight times daily up to the eighteenth day. 
Mammoth incubators and some small machines are equipped with turning 
devices which reduce to a minimum the labor required for turning the eggs. 
Small sectional farm incubators do not usually have such devices and there- 
fore the eggs must be turned by hand. Eggs should be turned gently so that 
the delicate chick embryos will not be injured. 

Control of moisture. For most satisfactory hatches with incubators it is 
usually necessary to supply moisture to keep the relative humidity rather high 
(about 60 per cent) during incubation and slightly higher (about 70 per 
cent) at hatching time. Mammoth machines are equipped with various de- 
vices for supplying moisture, such as burlap panels from which moisture 
evaporates or automatic devices for liberating or spraying moisture into the 
incubator. The relative humidity of forced-draft incubators is gauged by wet 
bulb thermometer readings. Moisture conditions in small incubators can be 
judged by the size of the air cell or by the percentage loss in weight of the 
eggs. The normal loss in weight for eggs incubated under proper conditions 
is from 4 to 5 per cent per week. One hundred eggs weighing 200 ounces 
when first set should lose from 8 to 10 ounces in weight each week while 
being incubated. The skilled operator learns from experience the moisture 
conditions which give best results. 

Taking off the hatch. The hatch should be completed by the end of the 
tw'cnty-first day of incubation, if the incubator has been operated correaly. 
If the hatching trays are crowded, some chicks should be removed before the 
hatch is completed. None of the chicks should be taken out of the incubator 
before they have dried off or "fluffed out." Chicks removed from incubators 
after hatching should not be placed where they will be chilled (Fig. 91 ) • The 
ventilation of the chick boxes is important. In cold weather only a few holes 
should be punched in the boxes but during hot weather the chicks will need 
all of the ventilation they can be given. 

Hatchery Management 

Although the Egyptians have used commercial hatcheries ( Egyptian ovens 
operated as public instimtions on a toll basis for hatching chicks) for cen- 
turies, the development of the chick hatchery in America did not occur until 
the twentieth century. 

In 1918 there were 250 chick hatcheries operating in the United States. 
By 1943 there were 10,112 hatcheries with a total capacity of 504,640,000 
eggs. In 1953 the number of hatcheries was reduced to 7977 but the egg 
capacity increased to 600,000,000. The trend is toward fewer hatcheries and 
toward hatchery chains. More chicks are being produced annually per unit of 



Fig. 91. Sorting and bo»i«g «ki<V* for thipmonl. Nole tl*» storog* reeks on tk# 1*H ortd 
epenings In tho ehUk boxes for voniiloiioii. 

cayrfccity. Receady «sta« capacity has shitted to the newly developed broiler- 
producing areas. 

location for a hatchery. The type of chick business (local, mail order, 
or wholesale) the hatcheryman expects to do will govern somewhat the 
tion for the hatchery. The local hatchery which depends on selling praaicahy 
all chicks at the hatchery must be located where there is a good demand for 
chicks and must be readily accessible to chick buyers who call for the chicks. 
Hatcherymen who hope to develop a tnail.oider business should locate where 
good shipping facilities ate available. Wholesalers of chicks should be Icxsited 
near their dealer or jobber customers. The hatdiery should be located where 
there are enough good flocks to supply satisfactory hatching eggs. A Icication 
on or near "farmers’ street" in a town where the farmers do their trading 
usually a good location for a hatchery. Parking space at or near the hatchery 
is a great convenience to chick customers and flock ow-ners. A hatchery which 
has space available for a window display of chicks can use such space to 
good advantage in advertising chicks if they are located in the business dis- 
tria of town. 

The hatchery’. The building which houses the hatchery should be built 
of substantial material and so consmiaed that it will withstand outside tem- 
perature flucnutions reasonably well It should be kept in good tepair, well 
painted, and present an anraaive appearance (Fig. 92). A well-drained con- 
crete floor IS conducive to cleanliness in the hatchery. The hatchery should be 
well lighted and properly ventilated. Good lighting improves the work of 
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Fig. 92. A modern hatchery. 

employees and makes a good impression on customers. A well-ventilated 
building makes possible proper incubator ventilation. Forced ventilation is 
necessary in larger hatcheries, particularly in warm weather, to remove stale 
air and excess humidity, and to reduce the temperature. The building should 
be so arranged and a schedule of work so planned that the hatchery will be 
clean when customers come in. Every commercial hatchery should have at 
least separate rooms for the office, incubators, and for started or display chicks. 
Usually it requires only a little material and a small amount of labor to 
provide these minimum facilities. Other desirable rooms are egg receiving 
and traying room, chick sorting and boxing room, room for chick boxes and 
other supplies, and a display room for equipment and feed. 

The modern hatchery will likely be equipped with the cabinet type of 
incubator because such equipment requires less floor space. Old incubators 
which do not give satisfactory hatches are too expensive at any price for the 
progressive hatcheryman. Separate hatchers or incubators with separate hatch- 
ing compartments are gaining in popularity. 

Battery brooders are used by most hatcheries for holding surplus chicks 
which accumulate because of weather conditions, order cancellations, or 
oversettings. 

The manager. The most important single factor making for success in 
the hatchery business is the manager. A good manager may build a profitable 
hatchery business even where the conditions are unfavorable, but a poor 
manager may ruin the best hatchery. The management problem is the chain 
hatchery operator’s greatest worry. The most successful manager is one who 
knows the poultry business as well as the hatchery business, possesses a strong 
personality, and has business ability. 

Hatching egg supply. A supply of hatching eggs from healthy, well- 
bred flocks is essential to the continued operation of a hatchery. Few hatchery- 
men own enough birds to supply all the eggs required by their hatcheries and 
therefore they must purchase eggs from co-operating flock owners. In many 
communities good breeding flocks are not available and therefore it becomes 
necessary to ship in part or all of the eggs required. The most satisfactory ar- 
rangement is to get eggs from flocks located nearby so that the eggs can be 
delivered to the hatchery by the flock owner. The number of birds required 
to supply hatching eggs to a commercial hatcher)’ is approximately one tenth 
of the egg capacit)’ of the hatcher)'. 
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and females in the flock and the feeding and management of the flock 
(Fig. 93). 

Many hatcherymen prefer to have some of the flock servicing done by 
trained state inspectors. These inspeaors have or develop a background 
which is valuable in advising flock owners about their poultry problems. 
Forty-seven states in 1946 had organized state poultry programs with state 
inspectors. Agreements between the hatcherymen and flock owners are de- 
sirable so that each party may understand his responsibilities. Many hatchery- 
men have oral agreements with their flock owners which both parties respect. 

The premium paid for hatching eggs varies with the quality of stock, the 
locality, the competition, the hatchability of the eggs, and the value of other 
services rendered. Most hatcheries pay a straight premium but some hatchery- 
men grade their flocks and pay a premium based on the quality of the flock, 
while others base the premium on the hatchability of the eggs. 

The hatcheryman should make the flock owner a definite part of his hatch- 
ery organization. He should assist the flodc owners with their poultry prob- 
lems and make the flock owners feel that they have a definite responsibility 
to the hatchery. Flock owners should be boosters in their neighborhoods for 
the hatchery. 

Hatchery sanitation. Cleanliness and sanitation in the hatchery are es- 
sential for continued success in putting out chicks which Jive and do not 
spread disease. Unfortunately, some hatcheries through their chicks spread 
such poultry diseases as pullorum and bronchitis and thereby create a bad 
reputation for hatchery chicks. Frequently chicks infected with bronchitis 
are shipped in the same cat with other chicks or mixed with healthy chicks 
in the brooders, thus spreading this disease to chicks which were free of this 
trouble. It is to the interest of each hatchery that all hatcheries produce chicks 
free from such diseases as bronchitis. 

Pullorum is the most common chick disease which may be spread through 
the hatchery. However, modern methods of blood testing the breeding stock 
and fumigating the incubators make possible the control of this disease. 
Progressive hatcherymen blood test the breeding stock used for producing 
hatching eggs. They also fumigate the hatching compartments of their incu- 
bators between hatches, using formaldehyde gas, which kills any pullorum 
organisms left by the previous hatch. Between hatching seasons the incu- 
bators, incubator room, brooder room, and brooding equipment should be 
thoroughly cleaned and disinfected. Movable parts should be scrubbed with 
a 2 per cent solution of commercial lye. (Rubber gloves should be worn.) 
The inside of the incubators, the incubator room, and brooding room should 
be sprayed with a 5 per cent solution of formalin. The temperature should 
be as much above 60® F. as convenient, and the incubators and jooms should 
be kept closed for twelve hours or longer. 

Between hatches during the hatching season the hatching compartment 
should be fumigated with formaldehyde gas, using 40 cc. of a 40 per cent 
solution of formalin and 20 grams of potassium permanganate for each 
100 cubic feet of space inside the compartment. The potassium permangaiute 
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should be placed in a glass or carthcnwate container and the formalin pourrf 
over it. Another method for liberating the formaldehyde gas is to sarura 
cheesecloth with the formalin and then hang the cloth near the tans in 
incubator. To be most effective, fumigation should be done with botn tn^ 
temperature and humidity of the machine at the highest levels used m tneu 
bation. If the dry bulb reading is 100“ F., the wet bulb thermometer should 
register at least 90“ F, Since chicks which live well are excellent advertising 
for a hatchery and since pullorum disease is the most common cause X 
chick mottalicy, it behooves every hatcheryman to control this disease.^ nne 
and money expended in blood testing breeding stock and for sanitation in 
the hatchery may be considered advertising expense. ^ 

To prevent the spread of puUorum disease in the incubator, the chiC 
may be fumigated according to the following procedure: 


Calculate the exact number of cubic feet in the compartment to be 
Use 35 cc of fresh formalin and 17-5 grams of potassium permanganate per i ^ 
cubic feet of space inside the compartment to be fumigated. Make the first 
gallon when about 10 pet cent of the chicks are out and before any have dnw 
ofi. Twelve hours later repeat the fumigation. After each fumigation keep all 
vtwiUwts dosed Cot from 8 to 10 minutes, but no longer. 

Remove all chicks hatched sooo after the second fumigation. Twelve hours 
after the second fumigation make a third fumigation and again soon thereafter 
remove the chicks. 

Be sure that the wet bulb reading shows about 70 pet cent relative humidity 
throughout the hatch. High humidity is very important. Qucks may appear to 
suffer but if the correct amounts of materials are used and the above instructions 
are followed, results will be entirely satisfactory. 


The prevention and control of infeaious bronchitis has during recent years 
become an important problem in hatchery management. Every hatcheryman 
should follow practices designed to keep the disease out of the hatchery. 
Chicks should not be brooded in the incubator room; chick boxes and poultry 
coops previously used and adult birds should not be brought on the hatchery 
premises, and the hatchery room and equipment should be kept clean. In 
case of an outbreak in the hatchery plant, all affeaed chicks should be killed, 
other chicks moved from the incubator room, and all equipment used for 
brooding chicks thoroughly cleaned and disinfeaed, and the building fumi- 
^ted with formaldehyde g?s, using two and one-half times the amount 
recommended for incubator fumigation. The walls and floors should be wet 
thoroughly to increase the humidity of the room and the temperature should 
be raised to 90° F. to make the gas more effeaive. The room should be closed 
tightly for twenty minutes following fumigation. Fans should be operated 
in the room to distribute the gas during fumigation and to eliminate it after 
twenty minutes of fumigation. It has been observed that an outbreak of this 
dise^e spreads quite generally in a territory. Hatchetymen located in such a 
territory should exercise extreme caution in preventing an outbreak in their 
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Hatching season. The hatching season varies with the geographical lo- 
cation and weather conditions. In the United States most chicks are sold dur- 
ing March, April, and May. Most hatcheries make their first settings in 
January or February and bring off their last hatches in June. Severely cold 
weather may delay the opening of the chick season and an early drought may 
abruptly end the season. Some hatdieries operate throughout most of the 
year and a considerable number now operate during the fall months to supply 
the chicks demanded for winter broiler produaion. 

Surplus chicks. The modern hatchery is prepared to handle some surplus 
chicks. Floods and snow and ice storms frequently cause the demand for chicks 
to be postponed and the hatcheryman who had anticipated the demand on the 
basis of normal weather conditions finds that more chicks hatch than can 
be sold. By carrying these chicks in battery brooders until favorable weather 
prevails, they can be moved through the regular chick sales without dumping 
them on auctions or selling them at reduced prices. 

Surplus chicks are the greatest menace to the maintenance of chick prices. 
If surpluses occur early in the season, they may demoralize the price structure 
for most of the season. 

Surplus chicks are sometimes sold at auctions for much less than the cost 
of production. The disposal of surplus chicks leads to unethical trade practices. 

The booking of chick orders for future delivery is decreasing, particularly 
late in the season. This condition has arisen because buyers find that hatch- 
eries carry chicks on hand or can fill orders on short notice. Therefore, the 
hatcheryman must anticipate the demand for chicks in the light of his past 
experience and the current season demand and govern his settings ac- 
cordingly. 

Sexing chicks. The sexed-chick business has developed since it was first 
introduced into the commercial hatcheries of the United States in 1934, into 
a very important phase of the chick business. In certain regions, notably the 
commercial egg-producing seaions of the Pacific Coast, it is estimated that 
90 per cent of the chicks are sexed by an examination of the rudimentary 
copulatory organs (Fig. 94). Sexed pullets are particularly desirable in Leg- 
horns if there is a poor market for Leghorn broilers. In the East, Middle West, 
and South where suitable markets for broilers usually prevail or where the 
farmers can me the males to good advantage as table poultry, sexing has not 
gained any great headway. Since the price of sexed pullets is usually about 
twice the price of straight-run chicks, the farmer does not care to pay for the 
cockerels and leave them with the hatcheryman for his disposal. It is usually 
profitable for the farmer to raise the cockerels. 

To be an efficient sexer one must have good eyesight, be adept with his 
fingers, be trained, and keep in praaice by working at the job. Most efficient 
sexers are those who do this work continually during the hatching season. 
The hatcherj’man will do well to employ a sexer for such work. Several small 
hatcheries may arrange a schedule so that they can use the services of the same 
person. 
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Fig. 94. Chkk $exing. DIogramj of the 
everted cleacos of chicki showing the dif. 
ferent structures observed in mate chicki (leh) 
ond female chicks (right). Note the great 
voriatioo in the appearance of both the 
males and females. 
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Custom hatching. Many commu- 
nity hatcheries incubate eggs for poul- 
try raisers, making a charge for this 
service. For the small local hatchery 
this source of income Is relatively 
high and therefore prized by th«e 
hatcher}’men. The cost of incubating 
hen eggs is about $2.00 per 100 eg^ 
Hatcheries which have expanded 
their capacity beyond their chick de- 
mand often bid for custom hatching 
with prices far below the actual cost 
of the service. Much of the custom 
hatching is now being done on such 
a basis and a hatchery located in such 
a region may well abandon custom 
hatching and de\*ote its time to the 
produaion and sale of chicks. The 
hatcheryman as well as the poultry- 
man should realize that pullorum dis- 
ease is spread in incubators when 
healthy chicks and diseased chicks are 
hatch^ in the same machines. There- 
fore, eggs from stock blood tested for 
pullorum disease should not be 
hatched with eggs from nontested 
stock. Both patties should insist upon 
this. 

Custom hatching is a service which 
the poultryman who has stock he 
wants to reproduce can well afford to 
use. Custom hatching is usually less 
expensive for the poultry raiser than 
hatching the chicks at home. 

Culling chicks. It is just as im- 
portant to cull chicks as to select lay- 
ing stock (Fig. 91). All weak and 
crippled chicks should be destroyed. 
They mar the appearance of the 
group and often succumb to the at- 
tteks of disease and thereby spread 
infection to healthy chicks. It is also 
important that "off-colored" chicks be 
removed from the group, particularly 
if the chicks are to be sold. Chick cus- 




Fig. 95. D*>e< 1 Ing the sex of doyeld chicks by observing the goneds (testes or evories) of the 
chicks. (Courtesy of the American ChIek*Sex!ng AssocioHon.) 


tomets are quite critical of chicks that show impurity of breeding, often judg- 
ing the entire group by one or two "off-colored" chicks. The Standard of Per- 
fection contains color descriptions of the different varieties of chicks. The 
producer of baby chicks should be familiar with these descriptions. Com- 
plaints may be reduced by acquainting customers with the proper color mark- 
ings of the chicks they purchase as chick customers are often misinformed as 
to the correct color of baby chicks. 

Delivering chicks. Small local hatcheries deliver most of the chicks they 
sell directly to the buyer at the hatchery. The hatcheryman is therefore re- 
lieved of the costs of transportation and the hazards of shipping. Some 
hatcheries are now making local deliveries by truck to the poultryman. As 
competition increases, this practice will likely become more common. 

Qiicks are shipped by express and parcel post. During the spring months 
losses are negligible but in hot weather losses may run quite high. Hatcheries 
make a practice of guaranteeing 100 per cent live delivery. 

The ventilation of the boxes is quire important. It should be kept in mind 
that in cold weather the chicks are kept warm in the boxes by their body 
heat. In cold weather very few hol« should be punched in the boxes, but in 
hot weather the boxes should be well ventilated. Some hatcheries replace most 
of the top of the box with screen w-ire when shipping chicks during the sum- 
mer months. 

The standard containers for delivering chicks are cardboard boxes in sizes 
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suitable for 25, 50, and 100 chicks. The standard chick box for 100 
22"xl8"x5V^" For hot weather shipments larger boxes (24' x 18 xo ) 
are used. Special chick box supply houses provide the hatcheries with their 
shipping supplies. _ . .. 

Business methods. Financial suoress in the hatchery business, as m a 
business enterprises, is dependent upon good business methods. A complete 
set of records should be kept in every hatchery. Such records should not oi^ 
show all financial transaaions but should al^ show the inquiries received, 
the name and address of customers, the number and grade of chicks sold to 
each customer, the date of each sale, and a record of all hatching eggs puf* 
chased. 

Marketing chicks. The marketing of chicks is the hatcherj'man s sales 
problem. There are three common methods of selling chicks: local sales at 
the hatchery, mail orders direct to oistomers, and wholesale. The wholesale 
method is the least satisfaaory and most destructive of chick quality. This 
method prevents contact between the producer and customer, an arrangement 
vital to the improvement of quality. Local chick sales are most satisfaaory 
and are less expensive than mail order sales. In every community there is a 
demand for high-quality chicks that can be supplied by the local hatchery. 

Advertising. The best adveriisement’any hatchery can have is the chicks 
it produces. Quality chicks sell themselves and also stimulate repeat orders. 
Many hatcheries sell their entire output primarily upon the reputation of the 
chicks produced in previous seasons. A satisfied customer not only buys the 
next year but also influences others to buy. This form of advertising should 
be carefully guarded by every producer of chicks. 

A neatly kept plant is another inexpensive but very effective method of 
advertising Visitors ate interested in cleanliness around the hatchery. Every 
visitor is a prospeaive customer and should be considered as such. 

Attractive advertising signs and buildings are good advertising particu- 
larly for the local demand. Well-painted and well-kept buildings should be 
considered a part of the advertising program of every hatchery. Advertise- 
ments in the local newspaper stimuUte local demand and should be used as 
a means of teaching this outlet. Often news stories of local interest about the 
hatchery or its products serve as splendid advertising. Advertising on a state- 
wide or nation-wide s^e should be conducted by an advertising specialist 
whose services are available to the hatcheryman through various advertising 
agencies. Catalogs and other advertising material should be prepared by ad- 
vertising specialists. ^ ^ 


Shipping hatching eggs. Some states have developed important hatching 
e^ outlets beca^ of their favorable cliroatic conditions and location in the 
tpoM '8gs "O shipped by express and by truck. Eggs hi- 

Se.rif.o 1 ' T' °' oatefully graded for size, and eggs 

hatcheHmeTJ^r Por dozen should never be sold to 

Extra Ion P n / ^ “”^®rstanding about the size of the eggs. 

be shipped as hatching eggs Hatching eggs should aUo be graded for shape 
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COUITtST kHZRleilN ROULTIT <HB HMCKtIT fEBtRATtOH 

Fig. 96. A scene in the exh'bit area of on American Poultry ond Hatchery Federation. The 
federation meets annually with thousands of hotcherymen and members of allied industries !n 
attendance. 

and color. Eggs from varieties which lay white-shelled eggs should be chalk 
white and reasonably free from tints. For best results the eggs should not be 
over one week old. They should be packed with the small end down in new 
cases, with flats and fillers. Eggs shipped with the small end up do not hatch 
well. The use of new flats and fillers will prevent damage to the eggs. The 
case tops should be nailed down at each end but not in the middle, with four- 
penny cement-coated egg-case nails. Each case should carry a label showing 
the name of the buyer, the name of the shipper, and the fact that the eggs 
are hatching eggs. If the eggs are from a hatchery co-operating with the Na- 
tional Poultry Improvement Plan and are being shipped to another hatchery 
operating under the plan, they should carry an official label indicating the 
breeding stage and pullorum control class. Inside the case on top of the eggs 
there should be a slip showing the number of dozens and the breed and 
variety of chickens which produced the eggs. 

Hatching-egg stations. Large hatcheries have need for stations at which 
hatching eggs from flocks located in different communities may be assembled 
before being shipped or trucked to the hatcherj’. The most satisfaaory ar- 
rangement appears to be a co-operative arrangement bens’een hatcherymen, 
by which the operator of the local hatchery assembles the eggs and ships them 
to the larger hatcheries. In communities where there are no hatcherymen, a 
co-operative arrangement may be made with a feed store or produce house as 
a place for the hatching eggs to be assembled. If a produce dealer co-operates 
with the hatcheryman, a separate room should be set aside during the hatch- 
ing season where only hatching eggs are received and held. The room should 
be cool and damp. 
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REVIEW QUESTIONS 

1. Is a knowledge ol erobryonic development of any value to a 

2. Which of the primary germ layers of the embryo are present when gs 
is laid? 

3. When does the primitive streak make its appearance? 

4. Name some of the functiotu of the eitra-embryonic membranes, 

5. Why is the embryologist interested primarily in the first four days ot i 
cubation? 

6. What special mechanisms arc developed for hatching a chick. 

7. Why do critical stages occur during incubation? u, • > 

8. What is the relative water content of the chick embryo during incubauon. 

9. What ate the sources of energy for the developing chick embryo? 

10. Do eggs contain hormones? 

11. What are lethal genes? Are they dominant or recessive? 

12. What relation exists between egg ptoduaion and hatchability? 

13. What physical characters of hen's eggs arc associated with hatchability? 

14 What vitamins influence hatching results? 

15. At what temperature should hatching eggs be held? Why? 

16. Should soiled hatching eggs be cleaned? 

17. Why is a forced-draft incubator operated at a lower leroperamre than a 
sectional machine? 

18. What is relative humidity? How is die percenuge of relative humidity 
calculated? 

19. Does a wet bulb thermometer reading of 83® F. or 90* F. in an incubator 
operated at 100® F. represent a higher humidity? Explain. 

20. By diagrams illustrate the relation of temperature, humidity, turning, and 
COi content of air to hatchability. 

21. Are there any illustrations of artificial incubation found in nature? 

22. Where do commercial hatcheries obtain their supply of hatching eggs^ 

23. Why has chick sexing grown in popularity? 

24. What is custom hatching? What preaotions should be taken with egg* 
custom hatched? 
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bearing Principles and Practices 
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The success of the pouhry emeipiise depends quite largely upon t e 
suits achieved in rearing the young stock. This is true of egg production 
well as broiler and capon production. Pullets must be properly grown ou 
if they are to become economical producers of eggs. Birds infested with para 
sites and disease should not be placed in the laying houses. 

Natural Brooding 

Natural brooding, once the only method used in brooding chicks, has been 
quite largely displaced by artificial methods. The natural method Is used on 
farms where only a few chickens are raised each year (Fig. 97). Under these 
conditions this method is probably an economical and convenient method to 
follow, otherwise it would have been replaced by artificial methods. Broody 
hens may be used for tabing hen-hatched or incubator-hatched chicks. 1 
used for raising incubator -hatched chicks the broody hen should have a fe^ 
eggs placed under her four or five days before the thicks are placed w’ith her. 
The chicks can best be placed with the hen at night. It b well to place one or 
two chicks with the hen at first to see if she will accept them. 

Befoie placing chicks with a hen she should be examined for lice. If io* 
fested with lice she should be treated with sodium fiuoride at least twice at 
ten-day intervab, making the first treatment three or four days before the 
chicks are placed with her. 

The general-purpose breeds such as the Rhode Island Reds, Rocks, Wyan- 
dottes, and Orpingtons make good mothers. These hens can brood from 
fifteen to twenty chicks, depending upon weather conditions. Early in the 
season where cold weather prevaib the hens and chicks should be confined 
to a building, but later in the season the chicks should be given range while 
the hens are confined to brood coops. The hen should be confined to the 
brood coop as long as the chicks need her cate. The floor should be covered 
w'ith some short cut liner or sand. Thb litter should be changed at least once 
each week so that the floor will be kept clean. Brood coops should be moved 
often so that the ground around the coop remains in sanitary condition. A 
good location for a brood coop b in the shade and on a grass sod. 
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Fig. 97. Evolution In chick brooding. Top, colony brooder houtet. (U. S. D. A.) Center, 
noturol brooding with hens. (U. 5. D. A.) Bottom left, multiple-unit brooder house with cen- 
trol heoting plant. Bottom right, battery brooding. (Courtesy Hawkins, “Million Dollar Hen.”) 


Artificial Brooiiing 

Artificial methods of brooding have made possible large-scale poultr)' pro- 
duction and have replaced natural brooding on most farms where one hun- 
dred or more chicks arc raised annually. Thousands of chicks are now brooded 
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by a single person, an unheard of feat before the adoption of artificial meth 
ods of brooding. Chicks can now be brooded at any season of the year. Arti- 
ficial brooding combined w’ith artificial incubation enables poultry raisers to 
control produaioQ. 


Brooding Requirements 

There are certain requirements for brooding which must be provided if 
success is to be attained. These requirements are proper temperature, ade- 
quate ventilation, control of moisnire, sanitation, and adequate brooding 
space. 

Temperature. Control of temperature, which provides sufficient heat in 
cold weather and minimizes the excess temperatures which prevail during 
the summer months, is essential for success in brooding chicks. The thermo- 
regulatory mechanism of the young chick is not capable of maintaining the 
normal body temperature when the chick is exposed to high or low tempera- 
tures. The young chick, when exposed to such abnormal temperatures for even 
a short time, will develop lotesttnal disturbances which are manifested by a 
diarrhea. 

In brooding chicks it is desirable to provide a range of temperature so that 
the chicks may have some choice in selecting a temperature most suitable to 
them. For day-old chicks the maximum temperature should be kept benveen 
90 F. and 100 F. When first placed in the brooder, the chicks should be 
confined near the heat so they may learn where the source of heat is located. 
The temperature may be reduced about 5* F. each week as the chicks become 
older. It « most important that chicks be kept comfortable at all times. Chicks 
wiU not be overheated if they can get away from the high temperatures. 

Chicks have very little reserve energy to protea themselves against low 
temperatures. Huddling or aowding is an indication that the brooder is too 
cool for the chicks. Temperatures in the brooder should be determined with 
an accurate thermometer and controlled with a reliable thermostat, 
•^ntilation. Sufficient ventilation to supply plenty of oxygen and remove 
d^x.de, „CBS ,nd cboa monoxide is essential in brooding 

chAs The^ randmons can be controlled in most climates by having an 

(uel bu?ntnTb^° ^nsed brooder honses wi* 

luel-butning broker stoves, carbon monoxide gas may increase in concentra- 

vhrrheTc'oma'it 

thrifty condition. ^ ^ * stunted and un- 

res'S’' jrrcS'Sfn.bl “ Srttim '‘'i* 

desnoj ing the ability of ,he Wood to cart) o ,h ' 

Tire ntoomte content ol the a.r in thelS ro^m LX"conttol.ed by 
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ventilation and heating. In cold weather the litter in a brooder room where 
electric brooders are used will become damp within a few days. This may be 
partially overcome by increasing the ventilation of the room. 

Dougherty and Moses of the California Agricultural Experiment Station 
found that ventilation that would keep the brooder house reasonably dry 
would assure an ample supply of fresh air. They concluded that a flow of two 
cubic feet of ait per minute per one hundred chicks would meet the require- 
ments of the chicks as well as larger amounts but would not keep the hover 
and Utter dry after the chicks were three weeks old. Additional ventilation 
increased the cost of electricity but did not benefit the chicks. 

Moisture. Though the relative humidity in a brooder room may vary con- 
siderably without harmful effects, extremely low or high humidity is not 
conducive to best results. It is desirable that the litter in the brooder house 
be kept dry to prevent the spread of disease among the chicks. An excessively 
dry atmosphere, however, results in poor feather development and increases 
the occurrence of "bare backs.” The Pennsylvania Agricultural Experiment 
Station reports results which show that where the relative humidity in the 
brooders varied from 30 per cent to 75 per cent, growth was not affected. 

Sanitation. Sanitation is essential for success jn brooding chicks. Losses 
from diseases and parasites can be quite largely prevented by proper sani- 
tary measures. For best results chicks should not be exposed to infectious 
diseases and parasites. To carry out a sanitary program which will prevent ex- 
posure of chicks to disease organisms and parasites implies a clean environ- 
ment. This means that the brooder house as well as the range shall be clean 
and relatively free from organisms which cause chick diseases and infestations. 

Space. Overcrowding causes slow growth and heavy mortality. The Nu- 
trition Council of the American Feed Manufacturers' Association, in 1952 
made the recommendations listed in Table 36. 

Table 36 

MANAGEMENT RECOMMENDATION FOR CHICKS AND BROILERS 


■KOOPIVC trACG 

I. Each chick thould be allowed a minimum of 7 aq. in. of brooder apace under the hover. For electric brt>odera, 
up to 10 iq. in. per chick may be needed. 

3. Where chickt are brooded under individual brooder atovea or unita, allow a maximum of 350 replacement 
chicki per brooder unit, or 500 broiler chicks per unit. 

3. For chicki reared in confinement, allow a miniinumof 54 aq. ft. of brooder room floor apace per bird through 
six weeks, and a minimum of 1 iq. ft. per bird from 7 through 12 weeki. 


Fceoixc AVD D>I.<KIKC cqcirMEXT 


t. Allow chicki the following feeder apace: 

a. Day old through 2 weeki— 100 linear tnchea per 100 chicks. 

b. 3 weeks through 6 weeki— 175 linear inches per 100 chicks. 

c. 7 weeks through Itwceki — 300 linear inches per ICO chicks. 

d. Additional space should be provided in warm weather. 


5. rroiide 100 chicki the following drinking >pace 

a. Day old through 2 weeks — 20 linear inches or two I'gallon fountains. 

b. 3 weeki through 12 weekt— 40 linear inches or two 3^allon fountains. 

c. Additional space should be provided in warm weather. 
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Colony Brooding Systems 

The colony brooding system is quite generally used by farmers and com 
mercial poultry raisers. It is an economical sptem adaptable to most poult^ 
farms. One advantage of this system is that it can be started on a small sea e 
and expanded each year as desired. 

Colony brooder houses. These houses are small portable houses large 
enough to provide room for about three hundred chicks but small enough so 
that they can be moved to clean ground each year. They may be built on 
skids or construaed to be moved on a tractor-trailer. Muslin curtains are 
usually used to covet the open front during cold weather. The houses geO" 
erally are built of matched lumber and the walls and floors are of a single 
thickness of this material. In some seaions where native lumber is cheap, 
rough lumber direct from the sawmills is used for constructing these houses, 
the walls being covered on the outside with a cheap grade of composition 
roofing. 

All openings should be covered with poultry netting to keep out birds 
and predatory animals. 

Instead of moving the colony brooder house each year many producers 
leave the colony house near the residence where it is more convenient to 
care for the chicks and use a sun porch to keep the chicks from contacting 
any contaminated soiL A range shelter can be used as a sun porch. 

When the chicks no longer need heat they are moved to clean range. 
The cockerels not needed for breeding can be kept in the brooder house 
and finished for market. 

l.ocation of the brooder bouse. In selecting a location for the brooder 
houses one should avoid using land that has been occupied by chickens 
during the previous two years or traversed by drainage water from old poul- 
try mns, or where droppings from the laying or brooder houses have been de- 
posited within the last two or three years. A three- to four-year rotation of 
brooder houses makes an ideal arrangement for growing healthy 


The barren ground ad}3ccnt to a stationary brooder or laying house is 
usually contaminated with worm eggs and coccidia. Thus, chicks brooded in 
such a place are likely to become badly infested with intestinal worms and 
coccdiosis^Undet these conditions it becomes almost impossible to raise a 
Wge number of healthy pullets or cockereU. The broodeVhouse should be 
' « growing green feed and near some natural shade such 
as 1 $ available or can be grown. 

'<» b'«xiing chicks in colony houses are 

ni -n,, n ‘■■'"'“"y "•i* hovers for holding the heat 

“"■*’“">'"8 brooder radiates hear from .he 

.hese ..ose. The .cmreran.te of oil-burning brooders is governed by a 




Fig. 98. Colony brooderi. Top left, oil brooder. (Courteiy Simplex Brooder Stove Com- 
pany.) Top right, electric brooder. (Ohio Exteniion Service.) Center, cool brooder. (Ohio 
Extention Service.) Bottom, wood brooder. (Courteiy Shenandoah Monufacturing Company.) 


thermostat which regulates the flow of oil to the brooder. Coal-burning 
brooder stoves are perhaps more commonly used than any other type of 
brooder. Tliey are very dependable, may be operated economically in most 
seaions of the United States, are easy to operate, and seldom get out of order. 
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The temperature of such stoves is controlled by a thermostat which regulatK 
the draft through the stove. Hard coal is the most satisfactor)’ fuel for sucU 
stoves but briquettes and soft coal may be used if the stove is large an 
equipped with a large pipe uhich is not easily clogged with soot. When so t 
coal is used the stove will require close attention. A damper or automatic 
wind-damper placed in the pipe will help prevent high winds from settmg 
up a strong draft and burning out the fire during the night. 

Wood-burning brooder stoves have in recent years become popular m 
those seaions of the United States where wood is plentiful. The draft on 
these stoves is thermostatically controlled so that they require little attention, 
holding fire throughout the night. Wood is an economical fuel in many s^- 
tions of the Unit^ States and such sto\'es will very likely gain in popularity 
as the public becomes aware of their merits. 

Electric brooders are now used in all seaions of the United States, in C0‘“ 
weather as well as in mild weather. They have certain decided advantag«' 
(1) The temperature can be accurately controlled; and (2) they require 
very little attention if there is a dependable source of electricity. A thermostat 
which makes and breaks the elearic circuit controls the temperature of these 
brooders. The inaease in rural electrification has resulted in a corresponding 
increase in the use of elecuic brooders. In most seaions of the Unit^ States 
where electric power is available the cost of operating an elearic brooder 
compares favorably with that of operating other brooders. The electric con* 
sumption of elearic brooders is given in Table 37. 

Table 37 


CURRENT CONSUMPTION OP ELECTRIC BROODERS* 


Ri«d aso Ort*ATio<i or Btoosex 


TzafrErATcaa | 

EiECTWCrvr 

6 wis. 

awB 

IwSVUSTlO* 


Outdoor 
Mean * F. 

Standard Ncbr. r«£tan^lar 

Yes 



116 

Fan vcntiUtion itandard 

1 



155 

Round, conical top, canaini, uninsulated 




147 

Same as abo>e but insulated 

Yes 

92.1 

39 

93 

Standard 

Round, conical top, curtains insulated 
Standard 

Standard with tube senulaior 

Standard, 1 foot longer 

Sundard with atrip beaters 

Yes 

Yes 

No 

Yes 

No 

Yes 

99.5 

97.6 
984 
101.7 

99.7 

98.8 

34.5 

34.5 

34.5 

34.5 

34.5 

3«,S 

141 

100 

171 

195 

ISO 

139 


.Thr" “'J E«.- arc quite poputa 

'■rerxtas requS 

lfc^l«tric brooder 

.h^^rro, pror-rde rulScren. hear ro keep the brooder per, elwep dr)-. 

* NfWiAa St*. Ofc fiO. 1M5. 
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Preparing for the chicks. Before the chicks are hatched or received, 
die brooder house and all brooding equipment should be thoroughly cleaned 
and disinfected. The first step in cleaning is to remove from the house all 
removable equipment. Thorough scraping and sweeping of the floor and 
walls will remove most of the visible dirt, and lye water (one can concentrated 
lye to twelve gallons of water) liberally applied with a coarse broom will 
free the house of contamination, although in some instances two applications 
may be necessary. The feeders and other equipment should not be overlooked 
but should be given the same treatment that is applied to the house. If the 
house is not cleaned before it is moved, some of the filth from the previous 
year is almost certain to be scattered and to contaminate the new range. The 
floor should be covered with litter such as cut straw, clover, alfalfa, shavings, 
peat moss, or coarsely ground corncobs. The fire in the stove should be started 
at least twenty-four hours before the chicks are ready to be placed in the 
house. This will make it possible to have the house at the right temperature 
and will give the operator an opportunity for making necessary adjustments. 

At the time the chicks are placed in the brooder house they do not know 
how to find the source of heat. For this reason a circular guard of hardware 
cloth or some other materials, about twelve inches high, should be set up 
around the stove. This enclosure should be about two feet from the edge of 
the hover. This arrangement should always be used for a few days to confine 
the chicks to a limited area of the brooder house floor until they become ac- 
customed to their quactecs, 

A well-balanced ration should be placed in chick feeders, allowing about 
one inch of feeding space per chick. Chicks may be encouraged to start eating 
by filling the feeders full for the first day or so. Enough waterers should be 
provided so the chicks have access to fresh water at all times. 

Operating the brooder stove. Prior to the brooding season the stove 
should be examined to see that it is in proper working condition. The drafts 
must open and close easily in order to permit the thermostat to work ef- 
fectively. The thermostat wafers should be tested by placing them in warm 
water to determine whether or not they retain their power to expand and 
contract. Damaged wafers are worthless and should be replaced. 

No specific set of rules can be offered that will apply to operating the 
various brooder stoves on the market. Therefore, it is suggested that the in- 
struaions of the manufacturer be followed closely imtil experience dictates 
a change in operation. 

As a rule, when hard coal is used it is usually not necessary to fill the 
brooder stove more than twice each day (morning and night). Before adding 
fresh fuel it is advisable to remove all the ashes. In refilling the stove one 
should avoid extinguishing the fire by adding too much coal at one time. 
This precaution is especially necessary when the fire is burning slowly. 

Brooder stoves in which soft coal is used have to be filled more often and 
require closer attention in order to equal the results obtained with anthra- 
cite coal. In addition to keeping the clinkers and ashes removed, it is ad- 
visable to dean the stovepipe at least once a week to insure a good draft. As 
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Fig. 59. A long brooder houie w*ed for brooding chick* In confinement. 

a general rule it is a mistake to build a hot fixe just as the chicks are be 


coming settled for the nighc This condition causes the chicks to nestle tM 
far from the stove with the consetjueot piling up or possibly chilling as the 
fire burns down and the stove cools. 

The drum-type, oil-burning brooders have large fuel tanks and con^* 
quendy they do not require refilling more than once a day. The fuel lio® 
should be kept unobstructed so that the thermostat can regulate the fiow or 
oil to the burner and thereby maintain a tmlform temperature. 

The ashes should be removed from wood stoves often enough to keep the 
draft open and the fire burning uniformly. Green wood produces mudi "tar 
and the stovepipe may become clogged with this material unless the operator 
keeps the pipe reasonably dean. 

Electric brooders require very little attention if the electric service is de- 
pendable. The operator of an electric brooder should adjust the thermostat 
and the height of the brooder from the floor so that sufficient heat and 
ventilation can be supplied at a minimum cost. Electric brooders can be ad- 
justed very easily to meet the chicks' needs. In mild weather and as the 
chides become older the elearicity can be turned off during the day to re- 
duce brooding costs. Double floors particularly beneath the hover are de- 
sirable when dearie brooders are used in cold weather. 


Stationary Brooding Systems 


Stationary brooding systems were developed in the nineteenth century 
but were abandoned because poulitymen did not know what to feed or hotv 
to rear chicks in confinement. Colony brooding systems replaced permanent 
brevets l^ause chicks could be raised on dean ranee even when deficient 
or mc^plete ratiom were fed, because the chicks were exposed to the direct 
nys of *e mn and w-erc also able to supplement the ration with succulent 
green Since the discovery of the vitamins and other fundamental prio* 
InoM Wge of the control of disetuK. 
ttitiotuty brooder house his again found a place in brooding. 
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COUITtST JOHN W. ESHfLHAN t SONS 

Fig. 100. simple diagram of radlanSfieated pouhiy house, showing orrangement of hot 
water pipes and other details. 


Long brooder houses (such as shown in Figure 99) divided into pens are 
used on many commercial poultry farms. They are often equipped with sun 
porches to prevent the chicks from coming in contact with contaminated 
soil. Such brooder houses are desirable for broiler production or for raising 
pullets as long as they need artificial heat or the protenion of a building. 
These brooder houses may be heated with hot water heating systems as 
shown in Figure 101, or by using a colony brooder stove in each pen. 

The long brooder house, when compared with the colony system of brood- 
ing, has the advantage of reducing' the labor required for raising chicks; but 
it may have the disadvantage of a greater investment per one hundred chicks. 

Radiant heating. Within recent years radiant heating has been advocated 
and used in permanent brooder houses (see Fig. 100). This is a system of 
floor heating where hot water pipes are placed in the concrete floor of the 
brooder house, spacing them about 12 to 16 inches apart. Since this is a 
relatively expensive method of heating it has not gained widespread adoption. 

A comparison of brooding systems. The Pennsylvania Agricultural Ex- 
periment Station in 1937 made a comparison of brooding systems for raising 
pullets, in which w-ere included the following brooders: hot water, hot water 
and electric, coal, oil, gas, electric, and batteries. The conclusions which were 
reached are as follows: 

Brooder pen temperarure and relative humidity did not affea: (a) growth 
as measured by body weight at 10 and 16 weeks of age; (b) sexual develop- 
ment as measured by age at first egg; (c) plumage growth and condidon a^ 
measured by: 

( 1 ) Primary wing feather de^'clopment of Barred Plymouth Rock pullets ar 
10 and l6 weeks of age; or 

(2) Plumage condition of Barred Plymouth Rock cockerels graded when eight 
weeks old. 



Fig. 101. An orrong*m«ft» ©I a l»©t water br»oding iy»tem. 


Pullets blooded cxdusreely or in pan with electric brooders were “ 

sexual maturity. All wdght differences had disappeared when the puucts 
70 weeks of age. . . 

Variations in age at sexual maniriiy were not caused by differences m. 
protein level of the toul ration consumed; (2) brooder pen temperature; o 
( 3 ) relative humidity in the brooder pen. ^ , 

The environment conditions supplied by electric brooders tn 
colony houses or in pens using ausiUary hot water heat did produce more rugged, 
vigorous, and healthy pullets. 

No bteffdal effects were observed from the application of auxiliary hot wat 
heat to pens in which electric brooders were ust. 

No method of brooding employed was definitely superior to others m 
development of layers. . 

Pullets brooded exclusively with electric brooders laid heavier eggs el 
maturity and throughout the pullet year. Differences in initial egg weight, « 
measured by weight of the first 10 eggs laid, probably were an indirect effect or 
variadoru in body weight. 

Single-Comb White Leghorn pullets brooded exclusively or in psrt with 
electric brooders, using exposed "blade heat” resistance colls as the source oi 
heat, required approximately 20 days longer to attain sexual maturity than 
comparable pullets brooded with hot water or coal stove brooders. 

Barred Plymouth Rock pullets brooded exduslvely with a similar electnC 
brooder required approximately 30 days longer to attain maturity than 

comparable pullets brooded with hot water, coal, oil, or gas brooders, and 
days longer than those brooded under an dearie brooder in a pen supplied with 
auxiliary hot water heac 

The evidence leads to the roodusioo that proper management of a good 
brooder, not the particular style of brooder or the kind of fuel used, is the mos* 
important consideration in successful pullet rearing. 

Time of Hatching 

The time to hatch chicks for a given poultry enterprise Is an importanr 
management problem. The nature of the poultry business and the objec* 
itv« to be obtained must be kept in mind, as weU as the climatic conditioDS 
which pres ail where the enterprise b to be undertaken. 
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Some general considerations. For a time the question of date of hatch- 
ing appeared to be settled and the general recommendation was that chicks 
should be hatched during the spring mondis (February to May). In recent 
years broiler raisers have found that fall and winter chicks are more profitable 
than spring-hatched chicks and commercial poultrymen have found that 
egg produaion can be maintained at a relatively high level throughout the 
year by having pullets coming into production at diflferent seasons of the 
year. 

The Oklahoma Agricultural Experiment Station hatched chicks every two 
weeks throughout the year from December 31, 1923, to December 15, 1924. 
This station reported some very interesting observations on the problem of 
time of hatch which are repeated here. 

The best hatches were secured between December 31 and April 7, in- 
clusive. 

The summer and fall hatches gave markedly poorer results. 

The chick mortality was greater for the summer and fall hatches than for 
the winter and spring hatches. The late winter hatches gave the lowest per 
cent mortality. 

The winter-hatched birds grew more rapidly than did the spring-, summer-, 
or fall-hatched chicks. 

The spring-hatched individuals maintained a faster rate of growth and 
were heavier throughout the first laying year than were the summer- or fall- 
hatched pullets. 

The "summer weather handicap” was especially noticeable in the growth of 
summer-hatched chicks. The growth of the fall-hatched chicks was checked 
due to winter weather before they attained maturity. 

The spring-hatched individuals were heavier at the beginning of produc- 
tion and were also older when laying began than were the birds hatched at 
other seasons. 

The birds that were hatched during the winter, summer, and fall months 
matured sexually at an earlier age than did those hatched during the spring 
season. 

A tendency was noted for seasonal variation in egg weight regardless of 
when the birds were hatched and the date that production started. All groups 
showed an upward trend in egg weight from September to February and a 
downward trend from this point to July or August. 

The spring-hatched pullets produced the heaviest eggs, on the average, 
with the winter- and summer-hatched birds next in order named; and the 
eggs produced by the fall-hatched birds averaged lightest in weight. 

There was little difference in the average egg production berv.’een the 
winter and spring hatches. The summer- and fall-hatdied birds gave decidedly 
lower production. 

■When the seasons were ranked according to the value of eggs produced 
by the birds hatched during each, spring is the most desirable, followed by 
winter, summer, and fall in the order named. 
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Table 3S 

SIZE AKD VALUE OF EGGS PRODUCED BY WHITE LEGHORN PULLETS HATCHED 
AT DIFFERENT SEASONS OF THE YEAR 



Average ralue per Dozen of All Eggt Falling in Each Size Group 


May 

...1 iiM 

30.7^ 

29.2i 

29.M 

July 

18.S 

24.7 

31.1 


September 

15.6 

24.1 

36.3 

24.0 

November 

15.6 

25.4 

29.4 


January 

18.6 

25.8 

30 8 

25.7 

March 

22.8 

26.5 

28.4 

26.9 


Card Investigated the effect of date of hatching on egg size and value of 
eggs laid. Table 38 shows the results he obtained. Leghorns hatched dufiog 
the spring months produced larger eggs and eggs which commanded a 
higher price than eggs laid by pullets hatched during the summer and fall 
months. 


Broiler production. Since the commercial broiler raiser should produce 
fresh broilers and fryers at a tune when few young chickens ate being mar* 
keted from the general farm flocks, broiler chicks should be started during the 
fall and winter months when few chicks are being started in the general farm 
flocks. Many commercial broiler growers now operate throughout the year. 

Commercial egg flocks. In commercial flocks where egg production is 
the principal objective, the practice of hatching layers at different seasons of 
the year has developed within recent years. Such a practice has the foUowing 
advantag«; (1) levelling out the produaion curve through the year; (2) 
better utilization of laying houses and equipment: and (3) more efficient 
use of brooding facilities. 


Commtrnal jxRiittymeD are hatching too or three times pet year. If tht« 
hatches ate mde. January, April, and September ate ptefettri. If two hatchei 
ate made, Febtuaty and May. Match and June, or April and September an 

^ 1 oin J ^'*'1’'- °U Agticultutal Experiment Station tepottcc 

in 1940 data which ate tabubted as follows: 


* Card, 1922. 
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EFFECT OF DATE OF HATCH ON GROWTH, FEED CONSUMPTION, MORTALITY, 
EGG PRODUCTION, AND COST OF PRODUCTION — 
SINGLE-COMB WHITE LEGHORNS 


Date 

of 

Hatch 

Feed Consumed 
to 24 Weeks 
(Lbs.) 

Bod/ Weight 
at 24 Weeks 
(Lbs.) 

Mortalit/ 
to 24 Weeks 
(Per Cent) 

Cost Per 
Pullet Raised 
(Cents) 

Annual 

Egg 

Pfoduetjon 

Jan. IS 

20.2 

3.1 

19.9 

87 

ISl 

April 1 ] 

18.8 

2.9 

12.2 

70 

172 


18.6 

2.9 

11.8 

50 

166 

Sept. 1 

21.8 

3.0 

8.S j 

70 

151 

Nov. 1 

22.S 

3.2 

16.5 

87 

151 


These data indicate that under conditions which prevail in New Jersey, 
satisfaaory egg production may be obtained with pullets hatched at dif- 
ferent seasons of the year. Pullets started in the winter cost considerably more 
to produce than pullets started during the spring and summer months. 

The Management of Young Stock 

The successful poultryman knows when and how to do the things which 
should be done at any given time. The best poultrymen are born as well as 
trained. There are many details that must be attended to and the good 
poultryman never neglects his poultry. Fortunate indeed is the poultry farm 
that has an experienced and "born” poultryman. 

'Feeding the Young Stock 

It is essential that the young stock be properly fed during the brooding and 
rearing period. Both starting and growing rations are given in Chapter Ten. 
The rations recommended in any state may be obtained by residents of the 
state by writing to the department of poultry husbandry of their state agri- 
culmre college, as listed in the Appendix. 

Feeding methods. A w'ell-balanced starring mash should be placed be- 
fore the chicks as soon as they are received — if purchased, or soon after they 
are removed from the incubator — if hatched on the premises of the poultry 
raiser. Chicks do not need to be starved after hatching, though they do have 
a reserve food supply in the form of recently absorbed egg yolk. 

For the first eight to ten weeks it is advisable to use only a starting mash, 
keeping it before the chicks. After that rime the chicks should have both 
a growing mash and grain before them in hoppers. Chicks will select a 
suitable ration if they have an opportunit)' to choose the proper ingredi- 
ents. 
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Feeding and watering equipment. Jfcny chicks develop into 
cause they never have an opportunity to become anything else. “ , 

take to raise mote chicks than the equipment on the farm will acco • 

At least one inch of feeding space at the hoppers should be provided 
chick for the first two weeks, two inches from two to six weeks, an 
inches from seven to twelve weeks. Each chick should be provi 
about one-half inch of space at the waterers, and this should be increas , 
the chicks grow older, to always provide plenty of fresh water. 

Outdoor feeders should be placed on wire frames or moved frequent y 
prevent the ground around them from becoming contaminated. O 
feeders should be so constructed that there will be a minimum loss o • 

Growing green feed. Better pullets can be grown when the young st 
has access to growing green feed. The poultryman should so manage the range 
as to provide succulent green feed throughout the growing period. In 
seaions of the United States this is no easy task as several crops mnst 
planted during the season and a summer drought interferes with p 


growm. _ . , 

Where alfalfa range can be provided the pullets have ideal conditions o 
obtaining succulent green feed. Bluegrass is an ideal pasture crop for pomtry 
during the spring and late fall. The clovers provide good pasture for poultry. 
Sudan grass, rape, and the cereal grains can be planted for summer pasture- 
poultry can utilize pasture crops to best advantage when they are planted »D 
rows so that the birds can range between the rows. 

A suitable pasture system for growing stock will reduce the cost of pr®* 
ducing pullets and Improve the quality of the stock marured. 

Finish cockerels and pullets separately. For best results In growing 
young stock the cockerels and pullets should be separated at an early ag^ 
In Leghorns and similar breeds the males can be identified by their comh 
development by the time they are three or four weeks old. Heavy breed males 
and particularly those with rose osmbs usually cannot be identified before 
they are eight to twelve weeks of age. The males which are to be sold for 
broilers should be separated from the pullets by the lime they are eight weeks 
old, if they can be identified. The males will have larger heads, coarser fea- 
tures, and shorter and more blunt taik than the pullets. They can be con- 
tinued on a starter or broiler mash until they are sold. The pullets will have 
more room and they can be placed on a growing mash and otherwise 
managed for the production of layers. 

Cockerek intended for breeding purposes should be separated from the 
pullets to provide additional room for both the pullets and cockerek and 
prevent the cockerek from treading the pullets. Where a large number of 
co^erek are kept together precautions must be taken to minimize fighting- 
Cannibalism. Thk trouble, manifested by chicks by toe picking, tail pi<^' 
ing. or feather pulling, frequently occurs when the brooder house is over- 
heated, overcrowded, or the birds are too closely confined. Cannibalism I* 
more often reported among w-hite than among colored chicks. Thk k probably 
due to the faa that blood shows more plainly through the quills of white 
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feathers. Chicks become ravenous when diey get a taste of blood and will 
continue pecking the injured chick until it has been removed or completely 
devoured. 

In case these habits ate developed the affected chicks should be isolated, 
and it may be necessary to darken the brooder house by hanging curtains over 
the windows. Chicks slightly wounded may be returned to the brood within 
a day or two if the injured parts are covered with tar or other antipick 
preparations. 

Cannibalism can be most effectively prevented by not overcrowding the 
house and by keeping the chicks busy. A fresh sod of grass placed in the 
house for the chicks to work over encourages exercise and may reduce toe 
picking and tail picking. Darkening the room and painting the windows with 
a ruby water-color paint are also helpful in preventing cannibalism. It is also 
well to supply the proper amount of protein, salt, and green feed in the 
ration to prevent unusual craving because of deficiencies in the diet. Can- 
nibalism usually disappears as soon as the chicks are given fresh range. 

Crowding or piling. Chicks which have been chilled frequently crowd 
at night. Serious losses from smothering result when chicks develop the habit 
of aowding and piling. This trouble can be largely prevented by reaching 
the chicks to roost at an early age. 

Early roosting should be encouraged by providing low roosts when the 
chicks are about three weeks old. Chicks seldom cause uouble by crowding 
after they have learned to use the roosts. Narrow boards laid on bricks at the 
rear of the house make excellent starting roosts. As the chicks become ac- 
customed to roosting, the boards may be raised gradually until they are two or 
three feet from the floor. Some poultryraen use roosting frames (Fig. 102). 
A roosting frame fits into the rear end of the house and is covered with nar- 
row roost boards spaced about five inches apart. Inch mesh poultry netting 
fastened underneath the roost poles and down the front side prevents the 
chicks crowding under the frame. Sixty feet of roosting space should be 
provided for each one hundred birds kept in the house or range shelter after 
twelve weeks of age. A satisfaaory roost is a 2" x 2" with the upper corners 
rounded. 

Grow healthy pullet programs. Most states, through their agricultural 
extension service, have developed programs designed to produce better pul- 
lets for the laying flock. These programs have been instrumental in reducing 
mortality in the young stock. The essentials of these programs are: 

- 1. Qean Chicks 

(a) Chicks from stock officially tested for pullortim disease. 

(b) They should be free from other diseases as far as known. 

(c) They should be from stock which has demonstrated ability to produce 
vigorous, livable chicks. 

(d) Chicks hatched in dean incubators. 

2. Qean Brooder Houses 

(a) Qean, saape, and scrub, with lye water. 

(b) Disinfect with government-approved disinfectants. 
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(c) Clean all equipment \iscd for brooding. 

3. Clean Litter i, r »Vir first 

(a) Change litter when it becomes damp, or once each weeK tor 
eight weeks. 

(b) Keep litter dry at all times. 

4. Qean Feed and Water 

(a) Place all feeders and waterers on wire platforms in the house. . 

(b) Move hoppers and movable water pans to a clean spot on range ea 
week. 

(c) Use platform and dry well beneath automatic water fountains. 

3. Clean Range 

(a) Land not used by poultry for two years or more. . 

(b) Land not contaminated by drainage water or by the spreading of poultry 
manure. 

(c) Clean brooder house before moving to dean range. 

6. Clean Management 

(a) Maintain a quarantine between young and old stock. 

(b) Avoid crowding both in the house and on range. 

(c) Teach chicks to range by moving feed and water. 

"Che \i5e oi sun potcLes. 'Where the ground around the htooAei hcAise is 
contaminated with disease-producing organisms or parasites, the use of sun 
porches makes possible the growing of healthy chicks even when 
manently located brooder houses are used. In recent years many poultrynien 
have constructed sun porches (Fig. 103). They are also used in conneaion 
with long brooder houses which are used for brooding chicks or poults. 

The floor should be covered with wire sufficiently strong to withstand the 
use which will be made of it. For small chickens a one-half inch mesh hard- 
ware cloth makes a desirable floor but for older chicks and turkeys a l" X 1' 
ot a I xZ rnesh wire of about i2^-gauge material makes a substantial 
floor. Sun porches should be construemd so that feeders and waterers can he 
placed along the sides, thus increasing the amount of feeding and watering 
space available. 
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COUffTEIT I, 1. llUlllltV 

Ftg. \03. Screened brooder houiei and sun perches. The birds receive fresh olr end sunshine 
without the dangers of contaminated range end ^seoses corried by flleS/ mosquitoes, and 
ether insects. 

The use of range shelters. The development of the summer range shelter 
has done much to improve the quality of young smck being grown by poultry 
raisers. The range shelter serves a very useful purpose because it provides 
ideal roosting quarters for pullets started in permanent brooder houses or for 
surplus stock from colony brooder houses. A range shelter 10' x 12' as shown 
in Figure 104 provides room for 125 pullets to mature. It can easily be 
moved to clean range several times during the summer, thereby keeping the 
puHets on clean range and providing them with growing green feed. 

One*inch mesh, 18-gauge poultr)’ netting may be used for the sides and 
ends. The floor should be IVi-inch mesh, 14-gauge poultry netting, or 1" x 2", 
12Vi*gauge wire. The roof may be metal, shingles, or composition roofing. 

Shade. It is very necessary that growing stock during hot weather be pro- 
vided with either natural or artificial shade. The range shelter provides some 
shade; other means may be used to provide artificial shade. Natural shade 
as provided by trees, shrubs, or growing crops such as corn and sunflowers 
makes an excellent arrangement for shade. 

Moving the pullets to laying quarters. The pullets, if grown on range, 
should be left in the colony house or range shelter until they are ready to 
begin laying. Their sexual maturity may be judged by comb and body de- 
velopment. Since pullets of the same age vary considerably in their age at 
sexual maturit)' it is well to leave the immature birds on range until late in 
the fall Undeveloped and slow-maturing pullets should be marketed. The 
laying house should be cleaned thoroughly and the pullets should be given 
separate quarters. 
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Fig. 104. A w*ll^onttru«t«d tang* bvilt en ikid> to focilitol* fnsvlnfl* 

It is advisable to make changes gradually in rations and feeding methods 
Sudden changes will cause laying pullets to stop produaion. Pullets should 
be caught and handled carefully. The colony house or range shelter should be 
closed the night before the pullets are to be moved. The pullets should be 
carefully driven into catching coops or chutes early the next morning. They 
should be culled when handled, the best pullets being sent to the laying peW, 
the inferior prospeaivc layers being sent to market, and immature but good 
prospects being left. 


Battery Brooding 

Within recent years battery brooding of chicks has developed quite eJ- 
tensively. The advantages of battery brooding of chicks may be listed as fol- 
lows; (1) This system may be used where it U impossible to use other 
systems of brooding, (2) Chidts can be supervised mote closely. (3) Chicks 
can be kept away from organisms that cause disease better than if they were 
on range (4) Chicks of diSeient ages can be separated mote easily. (5) 
Banety brooding is ideally adapted to feeding investigations with chicks 
whne accurate feed and growth records ate tequbed 
The disadvantages of batteries for brooding ate the following; (1) 
mtage operator cannot produce satisfactory pullets with thein, (2) Bat- 
^ equipment should be supplemented with floor brooders if pullets for 
Bock replacement are raised, (3) There is mote trouble with innibalisni 
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with chicks brooded in batteries than with chicks raised on range. These dis* 
advantages may be overcome when the nutritional and other requirements 
of chicks become better known. 

The principal users of batteries for brooding chicks are hatcheries for 
brooding surplus or started chicla; broiler raisers near or in cities who sell 
dressed broilers; and laboratories that conduct feeding tests with chicks. 

Types of batteries. There are two general types of batteries — the warm 
room battery brooder and the battery equipped with a heating system. If 
the warm room type of battery broker is used for raising broilers, it is 
necessary to have at least two and preferably three rooms where the chicks may 
be brooded: one for starting the chicks where the temperature is about 90° F., 
reducing it about seven degrees each week; one for growing the chicks from 
the third to sixth week where the temperature is from 75° F. down, being 
reduced as the chicks become older; and a room where the temperature is 
60° F. or less but where the chicks are comfortable. 

Batteries equipped with heating systems, usually electric, are more ex- 
pensive than warm room brooders but they are generally preferred. The 
temperature of these batteries can be regulated accurately. 

The battery brooder room. Batteries are used in many kinds of rooms 
with results which indicate that the building or room is an important fac- 
tor in the successful brooding of chicks in batteries. Most operators over- 
crowd the battery room. A room or building used for battery brooding 
should be so located and so arranged that it is convenient for the work to 
be done. It should have a concrete floor to facilitate cleaning. The build- 
ing should be tatproof and mouseptoof. The ceiling should be at least eight 
feet high and preferably nine or ten feet high. There should be three or four 
feet of space between the tops of the batteries and the ceiling. The battery 
building should be insulated to conserve heat during the winter and keep 
the room cool in summer. Windows should be so arranged as to provide 
sufficient natural light for the chicks to eat and drink. The room should be 
ventilated so that the chicks have sufficient fresh air at all times. 

The batteries should be arranged in the room so that the work involved in 
caring for the chicks can be reduced to a minimum. Aisles at least three feet 
wide should be left between the brooders. Running water in the room and 
to the batteries saves much labor. 

Since battery brooding is a recent development and the requirements 
rather difficult to determine, very little has been known about the conditions 
which influence the results obtained with battery brooders. Most recom- 
mendations have been based on Rtperience. The Larro Milling Company in 
recent years has investigated the space requirements for chicks brooded in 
batteries. 

Space required. Results obtained at the Larro Research Farm show that 
the cubic space as w'ell as the floor space per chick should be considered. For 
most satisfaaory growth 450 cubic inches of space in the batteries should be 
provided for each pound of live weight. One hundred chickens weighing wo 
pounds each would require 90,000 cubic inches of space in the batteries or 
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eight compartments 30"x 30" and 12W inches high. The floor space retjmte- 
ment per chick is about as foUot^’s: 


Age in 
Weeks 


Square Inches Floor 
Space per Chick 


I and 2 . . 
3 and 4 . . 
5 and 6. . 
7 and 8. . 
9 and 10. 

II and 12 


10 

20 

30 

40 

60 

75 


Temperature. Chicks must be kept comfortable, but too much eat i 
detrimental to growth and development. The brooder room 
batteries ate used should be kept between 60° F. and 70° F., and the tern 
perature of the batteries regulated to suit the comfort of the chicks. A 
temperature for starting chicks is from 90° F. to 95° F. This can be 
about seven degrees each week as the chicks develop. More imporunt t an 
an otaa degree of temperature is the reaction of chicks; they should not 
huddle or otherwise appear uncomforuble. _ 

Ventilation. Fresh ait is essential for growth and health in chicks. Where 
diicks are brooded in small rooms, windows located on the sides 
buildings may provide sufficient ventilation to supply the ox)’gen nwed 
and carry away the carbon dioxide produced as well as the excess moisture 
which accumulates in rooms v.here chicks are brooded. In large plants, 
specially built ventilators with forced-draft circulation are necessary to 
ventilate the battery room adequately. 

Moisture. Too dry an atmosphere in the battery room will cause poot 
feathering, slow growth, and increased mortality. Extremely high humidity 
may also cause poor results. A relative humidity of 60 to 70 per cent will 
give very satisfactory results. In cold weather or when the outside air is 
very dry, It will be necessary to sprinkle the floor to increase the humidity 
inside the room. Excess mobture may be carried away by increasing the 
ventilation of the room. 

Feeding and watering space. Sufficient feeding and watering space must 
be provided for each brooder compartment to give the chicks room to eat 
and drink when they so desire. Most batteries are equipped with feeders and 
waterets on all sides. There should be at least one inch of feeding space per 
chick for the first six weeks and one and one-half inches per chick for the 
second six weeks. Baby chicks can be encouraged to eat by filling the feeders 
full during the first two or three days. 

Sanitation in the battery room. Sanitation in the battery room b nec- 
essary to prevent disease and to provide the chicks with suitable growing 
condition. The feeders should be kept clean and the waterets should be 
scrubby as often as is necessary to keep them clean but at least twice each 
v.«k. The droppings pans should be cleaned daily and the pans covered with 
acid phosphate. Aftet each lot of dildcs is removed from the batteries, all 
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Fig. 105. Chickan maeti Parcentage of tetol censumptien b/ types, 1P36 lo 1948, ond asti* 
natec! 1949 to 1960. 

parts of the brooders should be thoroughly cleaned and disinfeaed. The 
brooder room should also be cleaned thoroughly. If there has been an out- 
break of disease, the room and all equipment should not only be thoroughly 
cleaned but the room containing all equipment used should be fumigated 
with formaldehyde gas before other chicks are placed in the batteries. (See 
page 168 for recommendations.) 

Broiler Production 

There has developed in the United States within recent years a ver)' large 
specialized poultry meat-producing industry known as the broiler industry. 
This industry in 1952 produced sixty per cent of the poultry meat in the 
United States as compared to only 8 per cent in 1936. The expansion of 
this industry and estimated future produaion is shown in Fig. 105. The 
de\’elopment of this industry has made available fresh frying chickens 
throughout the year and thereby stimulated the consumption of poultry meat. 

Producing and consuming areas. The broiler industry has tended to de- 
velop near the consuming centers and toward the southeastern part of the 
United States. The expansion of the broiler industry by areas as indicated 
by Table 39 shows that the greatest expansion has occurred in the East and 
Southeast. Northwest Arkansas and Texas have also developed relatively 
brge broiler industries. 

Broiler breeds and strains. The grower of broilers needs a rapid growing, 
fast feathering, early finishing bird that will make economical gains and 
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Table 39 


PLACEMENT OF CHICKS FOR BROILER PRODUCTION IN THE 
PRINCIPAL PRODUCING AREAS, (u. S. D. A. AGRICULTURAL 
RF.RVICEl 




MlLUOEl I 

)r Cbices 

State oe Aeea 

I9S2-SJ 

I9SJ-S4 


150.0 

145.1 


47.1 

45.5 


50.3 

59.3 

r mil 

128.2 

152.3 

y f 

69.4 

73.5 


38.4 

40.2 

■ 1 ^ 

29.7 

47.5 


36.9 

42.6 


53.8 

54.8 








dress out an attractive carcass. The demand for such a bird has stimulated 


the breeders to produce some very fine broiler strains and crosses. 

The more common breeds used in broiler produaion are New HampshHCS. 
■White Rocks and Crosses (Table 40). Broiler growers are very disaimi^^' 
ing and shift quickly to new breeds or aosses that satisfy their needs. R®" 
cemly the trend has been to white or very light^olored birds. 


Table 40 


BREEDING STOCK (nPIP) USED FOR PRODUC- 
ING CHICKS IN 1953-54 * 


Breed 

Perceauye 

New Hamp*hlm 

2S.4 

White Rocks 

23.1 

Cro«t Mated 


White Leghorn* . . 

18.9 

Icerois Mated 

5.1 

Rhode Iiland Red* . 


Barred Rock* .. 

1.1 


— - «l 

Othen . I 2.9 


Houses and equipment. The buildings and equipment generally used by 
the commercial growers are praaical and not necessarily expensive. Native 
rough lumber covered with composition roofing is quite commonly used- 
The houses are from 20 to 40 feet wide; the narrow houses have shed roofs 
and the wider houses are cm-ered with gable or uneven span roofs. 

Since broiler houses arc nm- used throughout the year they should be con- 
strwed so they can be kept warm in winter and cool in summer. 

The floor may be concrete, sand, din, wire, or wooden slats A concrete 
an be easily cleaned is favored by most grov^-ers. 

♦The h«Ty breed* *nd erwunated Cock* were uied primarily to produce broHeO- 
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Many different litters give satisfaction, such as cut straw, sand, shavings, 
sawdust, peat moss, and ground corncobs. Built-up litter is becoming more 
common in broiler plants; never changing the litter through the twelve to 
fourteen weeks growing period. It is essential that the litter be kept reasonably 
dry to avoid outbreaks of disease such as coccidiosis. An application of 10 
to 15 pounds of lime to the litter per 100 square feet of floor space beginning 
when the broilers are about four weeks of age and repeating this treatment 
every two to four weeks will help keep the litter dry. 

Floor space. From one-half to one square foot of floor space per broiler 
is used by successful operators. Most producers and especially beginners will 
do well to allow one square foot of floor space per broiler. 

Equipment. Broiler production has become more commercialized than 
other phases of poultry production and therefore more labor-saving devices 
and automatic equipment ate used than are found on general farms. Automatic 
waterers ate commonly used. A carrier suspended from an overhead track is 
generally used for moving feed and litter. Automatic feeders are also used. 
Roosts are not necessary, as the birds grown to broiler size (3 to 4 pounds) 
and then marketed develop better on the floor. 

Success in growing broilers. These are the requirements which appear 
to be necessary for success in growing broilers commercially: 

1. Make a business of the operation by providing full-time employment for 
at least one person, which means raising 10,000 or more broilers at one 
time and running two or more lots per year. 

2. Use only good broiler strains of chicks that are from U. S. Pullorum 
passed or clean stock. 

3. Use a well-balanced broiler ration. Feed represents about 70 per cent of 
the cost of producing broilers. 

4. Provide adequate housing, using large units to save labor. Use automatic 
waterers and feed carriers. 

5. See that the chicks have feed and water available at all times. 

6. Use a dependable brooding system that requires a minimum of labor to 
operate. 

7. Maintain sanitary quarters and keep the plant under quarantine against 
visitors. 

8. Have only one age of broilers on the plant, so that the place can be de- 
populated and thoroughly cleaned between each brood. 

Capon Production 

Tlie art of caponizing is exceedingly old, dating back to the pre-Christian 
era. As early as 37 B.c, Cato and Varro stated in their book Roman Farm 
Management that "the altered males are called capons." Reaumur in his book 
The Art of Hatching and Bringing up Domestic Fowls, etc., published in 
1750 A.D., mentioned the fact that capons can be trained to care for young 
chicks. 
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The caponized male as it develops takes on some of the 
female. The comb and wattles do not develop, and capons are less acti 

The objectives of caponizing. The principal objective of caponizing is to 
improve the quality of the meat produced. This is the same 
farmer has in castrating male calves or pigs. The improvement m 
of the meat insures a better price for capons dian for cockerels whioi have 
come staggy. There is also a slight weight advantage for capons as compar 
to cockerels when the birds are seven or eight months old, when they are 
ally sold. Contrary to public opinion, capons will become tough-meated a ter 
they are mote than one year old. , 

Breeds to caponize. Since capons ate raised for meat, it is evident t a 
only those breeds should be caponized which are efficient producers of hig 
quality meat. Barred and White Plymouth Rocks, Rhode Island Reds, New 
Hampsh’ires, and White Wyandones make good capons. Other general-pur- 
pose and heavy breeds may be used for commercial capon production but tM 
above-mentioned breeds give the most consistent profits. Yellow-skinnw 
breeds are preferred on the markets. The strain selected should be rapiu 
growing and early maturing but large enough to demand top prices. Leghorns 
and other light breeds may be caponized for family use. 

Time to caponize. The size of the codcerel is the most important con- 
sideration in deciding when to caponize. Cockerels weighing from one and 
one-half to two pounds are the most satisfaaory size on which to operate. 
The operation is more successful when performed on young birds. Chicks 
hatch^ in May can be caponized in July and be ready for the market in De- 
cember. June-hatched chicks can be finished as January or February capons. 

Preparation of the birds for the operation. Feed and water should be 
•withheld fiom the cockerels twelve to eighteen hours before the operation 
is performed. This starvation period empties the intestines and thereby gi^w 
the operator more room in the body cavity to perform the operation. It 
believed that withholding water from the birds will reduce the amount of 
bleeding. If the feed and water are removed in the late afternoon from the 
pens where the cockereb are located, the birds will be ready for the operation 
the following morning. 

Only strong, healthy cocketeb should be selected for caponizing. Unthrifty 
and slow-growing birds should be marketed as broilers, as they will not de- 
velop into ptofitable capons. ’ 

The operation. The most satisfaaoty way to learn to caponize chickens 
IS to get instniaion and eapetience by working with an experienced opetator. 
A btirf desctipt.on of the operation wiU be given hete fot the beneht of those 
who dcsiic to leatn something about the operation before attempting to do 
the work. Duds weighing one and one-half to two pounds ate about the cot- 
'i^l “Ponizmg. The bitd can be held in place on a battel head ot 

tabic by weights attached to the legs and wings. 

‘‘o '>■' h' has had 

me erpetienee. When the incision U to be made, the skin and muscles be- 
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If the ineislcn is made at the cottect totion the testid« 

-attached to the back at the forv,-ard end of the It.dney. The ^ ol 
gonads varies with the seittial maturity of the btid, but in ^“<1= S 
fnd one-half pounds they will be only slightly larger than a gram 
Ihey are usually yeUowish in color but may be grayish or blac^ nnenins, 
The experienced operator can remove both testicles tough 
but the amateur will have best results by making an incision on 
the body. The size of the opening should be as small as is convenien 


When the testicles are removed the spreader should be clos^ and r 
from between the ribs. The skin and the muscl« underlying it wiU bna 
position and form a natural bandage over the incision between the ^ 
Slips. If any part of the testicle is left inside the body cayitj’ the Dir 
not completely castrated. As it develops, instead of becoming 
shows the characters of the cockerel and is known as a slip. Sometimes 
male diaraCTCts do not appear until just before the birds are ready . 

their development depending upon the amount of testicular material ^ , 
the body cavity. Slips usually command a price between that of the capon an 


cockerel. . , . ^ 

Care of the birds after the operation. Soon after the operation the Du 
should be placed in a house without roosts where they have access to the 
ration they have been teceiving. They should be kept under these conditions 


for a week to ten days. . 

Wind puffs are quite common among recently capomred birds, and me 
occurrence need not cause any alarm or indicate faulty technique, "wm 
puffs are caused by air escaping from the air sacs of the abdominal cavity 
which were punctured by the operation; the air passing through the openi^ 
which was made between the ribs collects under the skin which has heale<^ 
The only remedy is to puncture these puffs with a sharp knife each day untu 
they cease forming, which will usually be within two weeks after the opera* 


non. 

Marketing capons. Capons can be finbhed for market by keeping ® 
growing mash and whole com before them in hoppers. Those who wish to 
improve the ffnish may do so by mixing milk (liquid or condensed) with di® 
mash or grain and giving the birds twice daily an amount they will clean up 
in from Mteen to twenty minutes. A capon is finished for the market when it 
is free of pinfeathers and the body b well covered with fat. An examination 
of the fat under the wing on the side of the breast should show that all blood 
vesseU are hidden by a layer of aeamy or yellowbh fat. 

There b usuaUy a good market for opons from November to April, with 
the highest prices generally prevailing after January. The general farmer sells 
capons as live birds to dealers. Poultrymen who produce a large number of 
capons may seU to dealers in a large city market or kill and dress for special 
outlets. 


Caponiimg other species of fowl. Since there b some interest in turkey 
apons, it IS well to mention the results reponed on ihb subject by the Kansas 
State Agticulniral Experiment Station. The experimenters caponized turke)-$ 
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and guineas and made observations on growth and development of the capons 
and uncastrated males of these species. They concluded that there was no 
difference in weight up to one year of age, but that at eighteen months of age 
the capons were somewhat fatter than normal males. Since turkeys are usually 
sold on the market before they are one year old and the quality of the meat of 
yoimg toms is excellent up to that time, there is evidently no advantage in 
caponi 2 ing turkeys. Similar conclusions relative to guineas may be drawn. 

Growth and feed consumption. Table 41 shows the relative size of 
cockerels and capons at twenty-four weeks of age. At this time there is little 
difference in the size of cockerels and capons. Table 48 shows the amount of 
feed requited to produce one pound of gain with cockerels and pullets to 
twenty weeks of age when their average weight was about seven pounds. 

Table 41 


COMPARISON OF GROWTH OF PUREBRED AND CROSSBRED CAPONS AND 
COCKERELS. AVERAGE WEIGHT IN GRAMS (454 GRAMS = 1 LB.) 

AT TWENTY-FOUR WEEKS OF AGE ® 


Stkaihs 

19JS 

1 1956 

Capo.ss j 

CoCKEteLS J 

Caeons j 

1 CoCXEIELS 

No. 

. Wt. 

No 

Wt. 

No 

Wl 

No 

Wt. 

Barred Rocks 

41 

2S3S 

43 

2839 

31 

2739 

34 

2S72 

Rock X Reds 

41 

2938 

39 

28S1 





S. CR. I. Reds... 





14 


14 

2536 

Red X Rocks 





13 

2612 

14 

2849 

New Hampshires . . . 





29 

3092 

27 

2917 

N. H. X Rocks 





12 

2632 

12 

2662 


Feeding and management. The feeding and management of capons is 
not unlike that of other growing stock. Ihey should receive a good growing 
mash and grain in hoppers. They should be raised on clean range where there 
is growing green feed and plenty of shade during the summer, and otherwise 
receive treatment similar to that given growing pullets. 

Chemical caponizing. This process is accomplished by the implantation 
of the hormone diethylstilbestrol under the skin of the neck near the head 
or by feeding the estrogenic substance dicnestroldiacetate. Injections may be 
in the form of pellets, paste, or liquid. Both substances are female hormones 
that cause the male characteristics to be suppressed, producing a carcass that 
contains more fat than untreated birds. These estrogens promote tenderness 
and juiciness of the meat and improved feathering. 

Hormone treatments are given to secure maximum results when the birds 
are ready for market. Implantations are made four to six weeks before the 
birds are to be marketed. When fed, the hormone is generally incorporated at 
the rate of 32 milligrams per pound of feed and fed for a^ut three weeks 
before the birds are marketed. Young chickens that have been treated with 
these hormones are marketed as caponeties. 


Atvnin and Halptn. 1938. 
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Fig. 107. Admmittering hormone prodircli to chkken*, under the ikin neor the heod. 

Excessive hormone treatments may produce some undesirable side effects 
■which should be noted by poultrymen. Water consumption may be greasy 
increased and excessively wet droppings become a problem. The birds may 
tread each other more than normally, and they appear to be less resistant to 
disease and to heat. 

The lae of hormones in improving the market quality of poultry is 
tively new but offers much promise for those who use the products properly- 


Growth in Chickens 

There are a number of factors which influence the rate of grow’th in chick* 
ens. These factors may be classifled as hereditary, environmental, and nutri- 
tional. Some breeds when mature are large, whereas others ate <malL Some 
strains grow more rapidly than other strains and males usually grow more 
rapidly than females. 

Temperanire as a factor influencing growth- Supplementary heat is 
essential for the growth of chicks in cool weather. Hi^ temperanire exerts 
a depressing influence on the growth rate of chickens. It will be observed 
that when the temperature goes above 90^ F. during the growing period, 
grow^h is retarded. 

Eaily-hatched (February) pullets grow more rapidly to twenty weeks of 
age than late April-hatched pullets if hot weather prevails during the summer 
months. However, at maturity there will be no difference in weight because 
when growth is retarded by high temperatures it will be accelerated later 
when more favorable conditions for growTh prevaiL 

Other environmental factors affecting growth. The rate of growth in 
^.ckem IS inaocn^ by the space available for the growing stoeV:, the venti- 
Utton of the hioodmg room, and the humidi^ of the atmosphere. OidinatUy 
powth IS not ridded by the ventiUtioo or humidity of the htooder room, 
^t “"-n'ttnt fresh ait and an atmosphere that is either too humid or too 

s2ct i .T.^'^ * room for the growing 

stock IS a commm cause of poor growsh in chickens. 

Nottitional faaots influencing growth. The effects of piotcins. min- 
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erals, and vitamins on growth are discussed in Qiapter Nine and may be 
omitted here. In addition to providing the necessary nutrients for growth, it 
is necessary that the feed be given in a palatable form and in feeders where 
the birds have access to liberal quantities of it, as needed. A good feeder 
can produce more rapid gains than one who is inexperienced in proper 
feeding methods. 


Feed Consumption of Growing Chickens 

The growth and the feed required per pound of body weight for Leghorns 
and heavy breeds in given in Table 42. There is little difference in feed effi- 
ciency for the first few weeks but after the ninth week the heavy breeds be- 
come more efiBcient. The Leghorns rate of growth is then less than the heavy 
breeds. 


Table 42 

GROWTH AND FEED CONSUMPTION OF CHICKS ® 


Ace IK 
Wecki 

Boor WeiCHT PER BiKO. Let- 
CoCKERCLt AND ^LLCTS 5O-S0 

(except At NOTEO) 

Lbs. Feed 

Per lb. Boot Weicbt 

TO Ace Shown 

Lcghorot 

Heavy Breeds 

Leghorns 

Heavy Breeds 

1 

.15 

.19 

.8 

.8 

2 

.25 

.33 

1.4 

1.3 

3 

.36 

.51 

1.6 

1.5 

4 

•SS 

.77 

1.9 

1.8 

5 

.78 

1.2 

2.2 

2.0 

6 

1.2 

1.5 

2.5 

2.2 

7 

1.4 

1.9 

2.6 

2.3 

8 

1.7 

2.2 

2.7 

2.5 

9 

2.0 

2.4 

2.8 

2.7 


Pullets Only 

Pullets Only 

10 

1.9 

2.5 

3.3 

2.9 

11 

2.1 

2.9 

3.4 

3.1 

12 

2.3 

3.3 

3.6 

3.3 

13 

2.5 

3.6 

3.9 

3.6 

14 

2,7 

3.9 

4.2 

3.8 

IS 

2.9 

4.3 

4.4 

4.0 

16 

3,1 

4.6 

4.7 

4.1 

17 

3,2 

4.9 

5.1 

4.2 

18 

3.3 

S.2 

5.6 

4.3 

19 

3,4 

5.4 

5.8 

4.4 

20 

3,S 

S.7 

6.1 

4.7 


REVIEW QUESTIONS 

1. Should any poultry’ raiser use natural methods of brooding? 

2. List the requirements for artificial brooding. Discuss each. 

3. Dehne a colony brooding system. 


“Reproduced by permission from Clarence E. Lee, Profitable Poultry Management, 
20th Edition, 1952. Copyrighted by the Deacon Milling Co. Inc, Cayuga, New York. 
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Fig. 107. Adminiilering hormone product! to chkVeoi. under the »Wn neor the 
Exccsslve hormcjne ueatmeots may produce some undesirable side effects 
which should be noted by poultrymen. Water consumption may be greatly 
increased and excessively wet drc^pings become a problem. The birds nwy 
tread each other more than normally, and they appear to be less resistant to 
disease and to heat. 

The use of honnooes in improving the marlcet quality of poultry is r^* 
lively new but offen much promise for those who use the products properly* 


Growth in Chickens 


There are a number of factors which inEuence the rate of grow’th in chick* 
ens. These factors may be classified as heteditar)', ensironmental, and nutri- 
tional. Some breeds when mature arc large, whereas others are <malL Some 
strains grow more rapidly than other strains and males usually grow more 
rapidly than females. 

Temperature as a factor influencing growth- Supplementary heat *s 
essential for the grow-th of chicks in coo\ weather. High temperature exerts 
a depressing influence on the growth rate of chickens. It will be observed 
that when the temperature goes above 90° F. during the growing period, 
growth is retarded. 


Early-hatched (February) pullets grow more rapidly to twenty weeks of 
age than late April-hatdied pullets if hot weather prevails during the summer 
months. Howev-er, at maturity there will be no difference in weight because 
w^ growth is retarded by high temperatures it will be accelerated later 
when more favorable conditions for growth prevail. 

Oihcr environmental factors affecting growth. The rate of gronth in 
chidteos IS infloen^ by the space available for the growing stock, the venti- 
lation of the brooding room, and the humidity of the atmosphere. Otdinarily 
povpth IS not rratded by the sentilatlon or humidity of the brooder room, 
to 'tociciem fresh ait and an atmosphere that is either too humid or too 
t-T «ill tetatd ptms-th. Failute to proside sufficient room for the grotving 
s.«k ,t a com^ cause of poor gronah in chickens. 

u titional faaors InBoencing grossah. The effects of proteins, miO' 
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erals, and vitamins on growth are discussed in Chapter Nine and may be 
omitted here. In addition to providing the necessary nutrients for growth, it 
is necessary that the feed be given in a palatable form and in feeders where 
the birds have access to liberal quantities of it, as needed. A good feeder 
can produce more rapid gains than one who is inexperienced in proper 
feeding methods. 

Veed Consumption of Growing Chickens 

The growth and the feed required per pound of body weight for Leghorns 
and heavy breeds in given in Table 42. There is little difiFerence in feed effi- 
ciency for the first few weeks bur after the ninth week the heavy breeds be- 
come mote efficient. The Leghorns rate of growth is then less than the heavy 
breeds. 

Table 42 


GROWTH AND FEED CONSUMPTION OF CHICKS ® 


Acs IN 
Wseies 

Boot Weicbt pe* Bieo. juis. 
CoCCEIlEU AKO PuLtETS 50-50 
(except AS NOTEO) 

Lbs. Feep 

Pee IB. Boot Wbioht 

TO Ace Shown 

L«ghorns 

Heavy Breeds 

Leghoros 

Heavy Breeds 

1 

.15 

.19 

.8 

.8 

2 

.25 

.33 

1.4 

1.3 

3 

.36 

.51 

1.6 

1.5 

4 

.55 

.77 

1.9 

1.8 

5 

.78 

1.2 

2.2 

2.0 

6 

1.2 

1.5 

2.5 

2.2 

7 

1.4 

1.9 

2.6 

2.3 

8 

1.7 

2.2 

2.7 

2.5 

9 

2.0 

2.4 

2.8 

2.7 


Pullets Only 

Pullets Only 

10 

1.9 

2.5 

3.3 

2.9 

11 

2.1 

2.9 

3.4 

3.1 

12 

2.3 

3.3 

3.6 

3.3 

13 

2.5 

3.6 

3.9 

3.6 

14 

2.7 

3.9 

4.2 

3.8 

IS 

2.9 

4.3 

4.4 

4.0 

16 

3.1 

4.6 

4.7 

4.1 

17 

3.2 

4.9 

5.1 

4.2 

18 

3.3 

5.2 

5.6 

4.3 

19 

3.4 

5.4 

5.8 

4.4 

20 

3.5 

5.7 

6.1 

4.7 


REVIEW QUESTIONS 

1. Should any poultr)’ raiser use natural methods of brooding? 

2. List the requirements for artificial brooding. Discuss each. 

3. Define a colony brooding system. 

® Reproduced by permission from Oarcnce E. Lee, Profitable Poultry Manatement, 
2(hh Edition. 1952. Copyrighted by the Beacon Milling Co. Inc, Cayuga^ Yorl:. 
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Table 43 


GROWTH AND FEED STANDARDS FOR NEW HAMPSHIRES — BIRD WEIGHT, 
FEED CONSUMPTION, AND FEED EFFICIENCY ' 




Malk* 



FtMALCS 


WeVss 

Weight 

^ Feed 

Cofisitfzied 

*oufuii Feed 
per Pound 
Weight 

Weight 

Poandt 

Pounds 

Feed 

Consumed 

pounds Feed 
per Pound 
Weight 

Initial 

0.096 



0094 



2 

0.377 

0.474 

1.26 

0.364 

0.458 

1.26 

4 

0.965 

1.71 

1.77 

0.857 

1.60 

1.87 

6 

1.62 

3.55 

2.19 

1.40 

3.21 

2.29 

8 

2.58 

6.10 

2J6 

2.13 

5.33 

2.50 

10 

3.64 

9.4$ 

2J9 

2.88 

7.97 

2.77 

11 

4.W 

It.lO 

2.75 

3.16 

9.20 

2.91 

12 

4.49 

12.90 

2.87 

3.S0 

10.63 

3.04 

13 

5.10 

15.42 

3.02 

3.84 

12.36 

3.22 

14 

5.63 

17.94 

3.19 

4.17 

14.43 

3.46 

15 

6.22 

21.08 

3.39 

4.56 

16 68 

3.66 

16 

6.64 

24.22 

3.6$ 

4.84 

18.69 

3.86 

17 

6.95 

27.16 

3.91 

5.03 

20.76 

4.13 

18 

7.26 

30.01 

4.13 

5.24 

22.71 

4.33 


7.44 

32.53 

4.37 

5.41 

24.38 

4.51 


7.44 

35.04 

4.71 

5.69 

2648 

4.66 


4. Name the ty^ of brooder stoves and list some advantages of each type. 

5. much feeding s^ce at the hoppers is recommended for chicks.? 

6 . were stauonary brooding systems abandofied for some time? 

7. Is the brooding system used or the management of the brooder most im- 
portant tn growing chicks? Explain 

I’ S'owmg layers? Eapldn. 

9. How can cannibalism among chicks be reduced? 
lU. How can crowding be prevented? 

!'• *' ol a bea!*, pullet program. 

14 mu'cTr^,; of banory brooders? 

1 A ^ ° f popubr for broilers? 

16 . why are chickens caponired? 

17. "When should they be caponized? 

18. How can wind puffs be control!^? 

20. Co°: S 

22-. 

of age? grow a Leghorn pullet to twenty-four week 

fhitej " New Hampshire Bull, 4^1^*** Standards for New Hamp 
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Table 44 


GROWTH AND FEED CONVERSION FOR BIRDS ENTERED IN THE MISSOURI 
BROILER TEST IN 1954 



B^ed or 

WetCHTAT 1 

9 Weeks ! 

Wewht at 

10 Weeks 

Feed Cowversjon 



Males 

1 Females 

1 Males 

rm,l=, 

9wks. 

10 wks. 

3 lbs. 

1 

White Rocks 

3.02 

^ 2.23 

3.56 

2.59 

2.28 

2.39 

2.37 

2 

Delaware X 

New Hampshire 

2.94 

2.30 

3.41 

2.65 

2.61 

2.71 

2.70 

3 

White Rocks 

3.19 

2.53 

3.69 

2.90 

2.34 

2.47 

2.38 

4 

White Rocks 

3.30 

2.62 

3.83 


2.30 

2.44 

2.31 

S 

Cornish X 

New Hampshire 

3.26 

2.62 

3.59 

2.82 

2.35 

2.57 

2.39 

6 

Vantress White ' 
X White Rock 

3.42 

1 2.78 

3.79 

3.04 

2.21 

1 2.46 

2.14 

7 

White Rocks 

2.92 

2.30 

3.46 

2.71 

2.37 

2.44 

2.43 

8 

Vantress Red X 
New Hampshire 

3.44 

2.75 

4.09 

3.22 

2.38 

2.50 

2.36 

9 

Vantress White 
X New Hamp- 
shire 

3.3S 

2.59 

3.86 

I 2.96 

2.35 

2.47 

2.36 

10 

NewHampshires 

3.18 

2.44 

3.78 

2.88 

2.41 

2.52 

2.44 

11 

White Rocks 

2,94 

2.23 

3.47 

2.63 

2.38 

2.46 

2.45 

12 

New Hampshires 

2.98 

2.34 

mm 

2.74 

2.44 

2.58 

2.52 
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Tabu 45 

ESTIMATED AIR COSSUilPTlOS OF DIFFERENT 

animals ' 

Liten of Air per EV>ff»a 

ofVirifbtperMuiau 

Specietof Aiuaal < 

Man 2 

Goat ^ 

Rabbit - 

Chicken * ^ 

Guinea pig 

T>.» 


1 t_ exhale a lot of moisture in respiration as as 

keep the pens ^he escrent. This needs to L carried assay by 

eliminating some by way oi 


pr^r ventiktio ^ moderate temperature of 50 to 70“ F- 'Hiey 

suffM^wTextreme warmer temperature at night, 

’'’t" ^ based on the aitical teffl- 

-«r1 maoaeement of the birds. The oitical temperature may be as 


fcave access to feed. . . 

Aids toward keeping the house at a comfortable temperature during cow 
include the elimination of excessive air space, keeping the house fille<^ 

weatnci » _ : j rimes 


city, insulation of the house, and restriaed ventilation. There are times 
during the winter when artificial heat b desirable. It increases the w’ater- 
holding capacity of the air, creates a mm’ement between air inside and out- 
side of die house, and aids in keeping the house dry. 

The use of insulation not only keeps the house svarmer during the winter 
months but cooler during the summer months. Cross ventilation also aids in 
keeping the house comforuble during hot weather. 

X)r)Tiess. Dryness in the poultry house b desirable. Birds require a lot of 
■watet as well « air because of their rapid metabolbm. Most of it b eliminated 
tjy che lungs in the form of vapor or by ^-ay of the excreta in the form of 
liquid. If remos’ed by proper ventilation or frequent cleaning of the 

litter, it b a menace to the health and management of the birds 

Diseasc-producing organisms thrive better in damp quaners than in dry 
ones- On the othw hmd, they are not dbtributed so easily by dust particles 
house IS faitly damp However, it b likely that more dbease are 
picked up from wet litter than inhaled from dusty litter. 


If the hou« b and Je litter w«. mote soiled eggs will be produced- 
TT„ of .h,ck ,.,cr on d.c floor ,„d srirrin. i, „o fL„.„,vLu help 


b np frequcotly ViU help 
P^^floor coodemnnoo of mo.snuo in the spring Th"use of insulsiion 


« Mitchell »nd Kellejr, 193 1. 
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will prevent wall and ceiling condensation of moisture. The windows or 
ventilators should be opened just enough to prevent window condensation of 
moisture. The use of a little artificial heat will increase the water-holding 
capacity of the air, aid air movements, and remove moisture from the house. 

Light. Daylight in the house is desirable for the comfort of the birds. 
They seem more contented on bright, sunshiny days than on dark, cloudy 
ones. Birds do fairly well when kept under artificial lights. 

The tendency today is to reduce the amount of window space in poultry 
houses to one square foot for each twenty to forty square feet of floor space. 
It cuts down the light intensity and thereby reduces the troubles from such 
vices as feather picking and cannibalism. Reducing the amount of window 
space also reduces the heat loss from the house. Insulation is not very effective 
if there are a lot of windows for heat loss. 

Sunlight in the poultry house is desirable for the destruction of disease 
germs and for supplying vitamin D. However, ordinary window glass shuts 
out the beneficial rays. The windows should extend from near the floor to near 
the ceiling so that when they are open during the summer, sunlight can shine 
on the floor and on the birds. 

Location of the House 

In planning a poultry house, the location should be taken into considera- 
tion. The location with respect to the other buildings, the exposure, the soil 
and drainage, shade and proteaion, and a number of other factors should be 
considered. 

Relation to other buildings. The poultry house should not be so close to 
the home as to aeate unsanitary conditions. If the birds are to be given 
range, sufficient space should be provided around the house for a double 
yarding system. The house should not be too far away from the home because 
this will require more time in going to and from the house in caring for the 
birds. At least three trips should be made daily to the poultry house in feed- 
ing, watering, gathering the eggs, etc. Also, if the poultry house is too far 
away from the home, it is more likely to be visited by thieves. The poultry 
house should not be located in the barnyard. The chickens are a nuisance 
around the barn lot. They may be killed or injured by the larger livestock. It 
is impossible to provide a clean range for the birds when they have the run of 
the barnyard. 

The old idea seems to have been to fence the yard, garden, orchard, etc., to 
keep the chickens out. The new idea is to fence the chickens in. They should 
be provided with a double system of yarding (p. 481) or kept in total con- 
finement. If the latter system is practiced, and it is increasing in popularity, 
the location of the house is of less importance. 

Exposure. The poultry house should face south or east in most localities. 
A southern exposure permits more sunlight to shine in the house than any 
of the other possible exposures. This is especially true of winter sunlight. 

An eastern exposure is almost as good as a southern one. Birds prefer 
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Poultry is housed for comfort, protection, efficient production, and con- 
venience of the pouitrymin. 

The chicken, as a wild jungle fowl, sought safety and rest on the high 
limb of a tree or in the thick underbrush. The jungle served for protecuon 
against die hot sunlight. The bird nidted its head under its wing and dr^ 
its feet up under its body and was well protected against cold by its covering 
of feathers. Line breeding to fix desirable charaaers and management to 
secure continued high egg produaion have so reduced the vitality of poultry 
that housing is necessary for the birds to survive. Artificial protection is nece^ 
sary to offset the general reduaion in bodily vigor. The more birds are forced 
for produaion, the more attention that will have to be given to improved 
housing conditions. 

If birds are housed in comfortable quarters where they are neither too 
warm nor too cold, they wtU lay more eggs. The more springlike conditions 
that can be maintained in the house, the greater produaion that may be ex- 
pected. hlore birds suffer and die as result of extremely hot summer weadier 
than as a result of extremely cold weather. Both extremes of temperature 
ca^ a slump in ep produaion. If birds are kept comfortably warm in the 
winter, less feed will be required to maintain body temperature and a big^^ 
percentage of the feed eaten wUl be used for egg produaion. 

Bir^ that are boused and confined to yards are more easily cared for. EgS* 
arc laid m nests rather than in some hidden spots, and arc more easily g^ih* 
eied. Proper housing protects birds from predatory anTmaTc and from destruc- 
tion by larger domestic animals. 


Housing Requirements 


s must be housed comfortably in order to produce welL They need 
le ro^ m the house, sufficient air space and ventilation to prevent 

tn - j ■* . * 1 


Birds I 

™ nom,, ^ «ntiktion to pten 

£yt^T * tnoderate tcmjxratuie. dry living qnanets, t 

P« bM is impomm from the stand 
point rf ^ts obtamed «,th both growing „odt and kying hens The spaa 

Thete has been very httle eipctiroental study of Jhc fioot spa“ 
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for laying hens. Practical poultrymen differ widely in their opinion regarding 
the most practical floor space per hen. It is customary to allow about three 
square feet per bird in case of ^e light breeds, such as the Leghorns, and four 
square feet per bird in case of the general-purpose breeds, such as the Plym- 
outh Rocks. 

More floor space is needed for birds kept in confinement than for those 
given range part of the time. It is customary to increase the floor space about 
25 per cent over the above recommendations for birds kept in strict confine- 
ment. 

The amount of floor space needed per bird will vary with the size of the 
flock. If the pen is large enough to accommodate one hundred or more birds, 
less floor space is needed per bird than in a pen that will accommodate only 
ten to twenty birds. 

Overcrowded birds are less contented. Feather picking and cannibalism are 
more likely to occur in overcrowded pens. Lowered egg production and egg 
eating are other troubles that are more likely to be encountered in over- 
crowded pens. Egg production, of the weaker individuals in particular, is 
likely to suffer. The more individuals in a pen, the more "bossy" birds present 
and the greater the number that will be bulliwl. 

The more floor space per pen, the less the labor required to care for the 
birds. It requires neatly twice as much labor to care for birds in pens of 
twenty to one hundred as it does ro care for them in pens that accommodate 
five hundred to one thousand each. The customary size of pec will accommo- 
date about two hundred birds. However, on commercial farms the pens often 
accommodate five hundred to one thousand birds. The more birds kept in a 
pen, the greater the chances of spreading disease and poultry vices. In a small 
pen the trouble can spread only to the fifty to one hundred birds in the pen, 
but in the large pen it can spread to the entire five hundred to one thousand 
birds. 

Ventilation. Ventilation in the poultry house is necessary to provide the 
birds with fresh air and to carry off moisture. It needs to be provided without 
exposing the birds to drafts. 

Since the fowl is a small animal with a rapid metabolism, its air require- 
ment per unit of body weight is high in comparison with that of other ani- 
mals (Table 45). A hen weighing 2 kilograms, and on full feed, produces 
about 52 liters of CO., every 24 hours. Since the COg content of expired air is 
about 3.5 per cent, the total air breathed amounts to .5 liter per kilogram live 
weight per minute. 

The amount of air space needed per bird will vary with the rate of move- 
ment of the air. The greater the difference between the inside and outside 
temperature of a house, the greater the movement of air between the inside 
and outside. A house that is tall enough for the attendant to move around in 
comfortably will supply far more air space than will be required by the birds 
that can be accommodated in the given floor space. 

In providing ventilation, drafts should be avoided as they make birds sus- 
ceptible to colds, roup, and bronchtris. 

Exchange of air between the inside and outside of the house will help to 
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Table 45 


estimated air 


Specinol Amraal 

Man 

Goat 

Rabbit .... 
Chicken. . . 
Guinea pig. 

Rat 

Mouse. . . . 


CONSUMPTION or differe?^ 


ANIMALS * 


litert of Air per RHogr*® 
of Weight per Minute 


.1 

.2 

.4 


.6 

1.5 

5.1 


keep the pens dry. Hens exhale a lot of moisture in respiration « ^ 

eliminating some by way of the excreta. This needs to be carried away y 
proper ventilation. ^ 

Temperature. Hens need a moderate temperature of 50 to 70 ^ 

suffer from extreme heat or cold. Birds need a warmer temperature at mg 
when they are inactive, than during the day. 

Temperature tegulation in the house should be based on the 
perature and management of the birds. The aitical temperature tnay be 
high as 62® F. fot hens on the toosu at night and with no feed in the intestina 
tract to be digested. It may drop to 15® F. during the day for laying bens that 
have acce« to feed. . , 

Aids toward keeping the house at a comfortable temperature during col 
weather include the elimination of excessive air space, keeping the house mien 
to capacity, insulation of the house, and restricted ventilation. There are times 
during the winter when aniheial heat is desirable. It increases the v.’ater* 
holding capacity of the air, creates a movement bets^’een air inside and out- 
side of the house, and aids in keeping the house dry. 

The use of insulation not only keeps the house warmer during the winter 
months but cooler during the summer months. Cross ventilation also aids lO 
keeping the house comfortable during hot weather. 

Drj-ness. Drj’ness in the poultry house is desirable. Birds require a lot or 
water as well as aii because of ihcir rapid metabolism. Most of it is eliminated 
by the lungs in the foim of vapor or by way of the excreta in the form o* 
liquid. If it is not temos-ed by proper ventilation or frequent cleaning of the 
liner, it is a menace to the health and management of the birds. 

Disease-producing organisms thrive better in damp quarters than in dry 
ones. On the other hand, they arc not distributed so easily by dust particles 
if the house is fairly damp. However, it is likely that more disease germs are 
picked up from wet liner than inhaled from dusty liner. 

If the house is damp and the liner v.et, more soiled eggs will be produced- 
The use of thick litter on the floor and stirring it up frequently will help 
present floor condensation of moisture in the spring. The use of insulation 

‘ Muchell and Kelley, 1934 
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will prevent wall and ceiling condensation of moisture. The windows or 
ventilators should be opened just enough to prevent window condensation of 
moisture. The use of a little artificial heat will increase the water-holding 
capacity of the air, aid air movements, and remove moisture from the house. 

Light. Daylight in the house is desirable for the comfort of the birds. 
They seem more contented on bright, sunshiny days than on dark, cloudy 
ones. Birds do fairly well when kept under artificial lights. 

The tendency today is to reduce the amount of window space in poultry 
houses to one square foot for each twenty to forty square feet of floor space. 
It cuts down the light intensity and thereby reduces the troubles from such 
vices as feather picking and cannibalism. Reducing the amount of window 
space also reduces the heat loss from the house. Insulation is not very effective 
if there are a lot of windows for heat loss. 

Sunlight in the poultry house is desirable for the destruction of disease 
germs and for supplying vitamin D. However, ordinary window glass shuts 
out the beneficial rays. The windows should extend from near the floor to near 
the ceiling so that when they ate open during the summer, sunlight can shine 
on the floor and on the birds. 

Location of the House 

In planning a poultry house, the location should be taken into considera- 
tion. The location with respect to the other buildings, the exposure, the soil 
and drainage, shade and protection, and a number of other factors should be 
considered. 

Relation to other buildings. The poultry house should not be so close to 
the home as to create unsanitary conditions. If the birds are to be given 
range, sufficient space should be provided around the house for a double 
yarding system. The house should not be too far away from the home because 
this will require more time in going to and from the house in caring for the 
birds. At least three trips should be made daily to tbe poultry house in feed- 
ing, watering, gathering the eggs, etc Also, if the poultry house is too far 
away from the home, it is more likely to be visited by thieves. The poultry 
house should not be located in the barnyard. The chickens are a nuisance 
around the barn lot. They may be killed or injured by the larger livestock. It 
is impossible to provide a clean range for the birds when they have the run of 
the barnyard. 

The old idea seems to have been to fence the yard, garden, orchard, etc., to 
keep the chickens out. The new idea is to fence the chickens in. They should 
be provided with a double system of yarding (p. 481) or kept in total con- 
finement. If the latter system is praaiced, and it is increasing in popularity, 
the location of the house is of less importance. 

Exposure. The poultry' house should face south or casr in most Jocaliries. 

A southern exposure permits more sunlight to shine in the house than any 
of the other possible exposures. This is especially true of winter sunlight. 

An eastern exposure is almost as good as a southern one. Birds prefer 



PouUry: Science and Practice 

morning sunlight to that of the afternoon. The birds are more aaive in the 
morning and will spend more time in the sunlight. ^ • The 

■Western and northern exposures are objeaionable in most localities, 
prevailing winds and storms come from the west or north in most . 

house needs to be faced so that the prevailing winds and rain do not Wow m 
die open windows. Reducing the window space helps control this trouble. 

Soil and drainage. The poultry house should be placed on a sloping hm 
side rather than on a hilltop or in die bottom of a valley. A sloping hiUsi e 
provides good drainage and affords some protection. A hilltop location 
the house exposed; it is harder to ventilate without drafts and more difficult 
to keep warm. A valley location means more dampness from fog and poorer 
drainage. ., 

The type of soil is important if the birds are to be given range. A fertile, 
well-drained soil is desired. This will be a sandy loam rather than a heavy 
clay soil. A sandy soil is well aerated and drains welL Pathogenic microot^* 
isms do not live well in sandy soiL A fenile soil will grow good vegecauo^ 
which is one of the main reasons for providing range. A heavy clay soil is 
objectionable because it does not drain well, and pathogenic microorganisms, 
such as coccidia, parasite eggs, and baaetia, will live in it for a long time. 

If the poultry house is located on flat, poorly drained soil, the yards should 
be tiled. Otherwise, the birds should be kept in total confinement. 

Shade and protection. Shade and ptoteaion of the poultry house are just 
as desirable as for the home. Trees serve as a windbreak in the winter and for 
shade in the summer. They should be tall, with no low limbs. It is better to 
have no shade than that produced by low shrubbery. The soil becomes con- 
taminated under the shrubbery, remains damp, and sunlight cannot reach it 
to destroy the disease germs. 

Protection of the poultry house from prevailing winds by a hillside, a bar^ 
or other large buildings, will make it easier to ventilate and to keep warm in 
the winter. 


Kinds of Poultry Houses 


Poultry houses are classified in several different ways. These include sim. 
portabilit)-, purpose, style, and type of construction. 

She, of house. House yaiy m sire, depending on the number of binfs 
to ^ housrf and the sire of units in sshich they ate to be kept ( Fig. 108 ) . 

Colony iooiei ate one-room buildings intended for hoeing single docks 
ot colotue of buds. They ate usually some disance from ech other on 
range ( Fig. 97 ) 


Muluple-unit houses arc long houses consUting of ses-eral rooms. Each 
t^ IS l.ke ee^ othe room and b knoan e a pen. In fact, a multiple-uni' 
i; Wit inma single sttuemte. 

^ TFey ate popuUr on 

*>' tapcaltical m proviJe 
lange. Muhiple-stoty houses tetjuue less ground, less tooSng. and ate »5i« 




^9- 108. Some differences in poultry houses. From top to bottom: a poor colony house; a 
modern colony house; a mu1>ipie<unit house; a multtple-story house. 


to heat than multiple-unit houses. On the other hand, they require heavier 
timbers for construction, increased labor in getting materials to the upper 
floors, and are more difficult to ventibte. 

Portability of houses. Houses may be constniaed so that they are mov- 
able or so that they must remain in one pla^. 





Fig. 109. SmoH poftabic trop-netl haute. 


Portable homes are small one-room colony houses that are built on runner 
or skids so that they may be moved from place to place. By moving the house 
from place to place, clean green range may be provided. Portable houses are 
generally used for brooding chicks. 

Permanent houses are built on a permanent foundation and are, therefor , 
immovable. They usually have cement floors. Permanent houses are general y 
multiple-unit or multiple-story houses. 

Purpose of houses. Houses are constructed for several purposes on the 
poultry farm. 

Brooder houses are used for brooding chicks. Colony houses are used for 
this purpose on general farms and breeding farms. These houses are generally 
10 to 12 feet wide and 12 feet deep. The houses may be moved from pl^^*^^ 
to place to provide clean grass range. Where several colony houses are scat- 
tered over a range, much labor is required in caring for the birds. 

Multiple-unit brooder houses are used on large commercial farms. The pcus 
are close together and often a centralized heating plant is used. These factors 
reduce the labor required for caring for the birds. Range is generally 0°^ 
provided because it soon becomes contaminated, since the buildings are iu^* 
mo\’ab!e. 

Rearing houses arc used to shelter the chicks from the time they no longer 
need brooder heat until they arc placed in the laying house. This period w'll 
s-ary from two to four months, depending on the season of year and the breed 
of chickens Colony and muUipIe-onit brooder houses are often used for this 
purpo« Range shelters (Fig. 110) ate popular for housing pullets on range 
after they no longer need heat. The colony houses generally contain more pul- 
l«s than can be cared for comfortably as they approach maturity’. The range 
shelters make u possible to separate the birds in smaller groups. 

Uyng home, hold the Uymg hens. They vary all the way from one-room 
colony houses to multiplc-siory houses. Instead of being provided with 
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couiTCST none* circtiKCNT tuTioH 

Fig. 110. 011 hooted chicle brooder and cunporch in foreground. Colony brooder houte end 
range shelter In background. 


brooding equipment, they are provided with nests and equipment more suit* 
able for older birds. Laying houses also serve for breeding houses. If pen 
matings are used, smaller pens are made in the laying house, or the breeders 
are kept in separate small houses. 

Styles of poultry houses. The style of the poultry house makes little dif- 
ference as long as the comfort of the birds is provided There are several 
styles of poultry houses with reference to types of roofs (Fig. 111). 

Shed-type houses have single-pitch roofs. They are the simplest style of 
poultry house construaion and require the least lumber for a given floor 
space. Shed-type poultry houses are the most popular type among poultry- 
men. 

Gable-type houses requite more material and labor for construaion. They 
are suitable for straw-loft type of construaion. Some poultrymen put a ceiling 
floor in gable roof houses and use the space in the gable for storage. Multiple- 
story houses often have gable roofs. 

Combination-type houses have double-pitch roofs in which the ridge be- 
tween the two slopes is not midway from front to back. Most of the houses 
have the long slope to the rear. Like the gable ty'pe, the combination roof re- 
quires more material and labor than the shed roof. 

The monitor and semUmonitor type houses are expensive and not praaical. 
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E, Mini-fnomler; F, A-tttaped. 


They were popular in the early days of poultry house construction. Both types 
have a large amount of air space and are hard to keep warm. 

Types of coostruaioo. Several different types of building materials are 
used in constructing poultry houses. These include wood, hollow tile, concrete 
blocks, and metal. . 

Wood houses are most popular because of ease of construction and g^oew 
availability of building material (Fig. 112). The outside wall is generally 
drop siding (Fig. 113). There is considerable heat loss through single 
woOT construaion. The use of sheathing or insulation board on the inside, to 
pro%'Ide double wall construaion, greatly reduces the heat loss. Wood hotises 
retjuire fretjuent painting. 

Hollow tile houses arc popular in areas where tile is produced and is 
The hear loss through hollow tile walls is less than through single wall wow 
construaion. The tile is durable, the outside docs not require paint, no inside 
insulation is used, the walls are ratproof, and the house is fireproof. 

Concrete block houses are not widely used because they are costly and per* 
mit considerable heat loss through the walk. Some houses are built of li^rtf 
blocks made of cinders and concrete. 

Metal houses are sold by some commercial firms. If of single wall construc- 
tion. they arc cold. Some of them have double wall consiructira and insulation 
rruterial bet^-ctn the walls. Meui bouses are expensive but durable and easy 
to keep clean. 


House Construction 

m-ny kin*, jioi ind qpc of constraaion of pooIoT 

hora^ pic 25 X 50- ihcd typc wood poultry house is probably the tBOSt 
■' •cconuuodatc a flock of 200 to 
-50 buds. It Q„ be maexsed m IcoEih with an incrcxsc in the sim o' 










ng. in. Hwt lo« IhfowgH of woll Mn«r«clion. Tho UM of ih«afKi'’9 "" 

A^nod. of ih, botwoon the tiudi fillod with ihevingi, as shown ob®^' 

**“*’'*“’ Po-t'ry ho«s«s. (Ohio 
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flock. Since the 25' x 30' shed-type wood house is a typical practical poultry 
house, the general details of its construction will be discussed. 

The foundation. Most permanent poultry houses have concrete founda- 
tions and floors. They are durable, ratproof, and easily cleaned. Before starting 
to dig the ditch for the foundation, square the corners by fixing one side of the 
site of the proposed house. With this as a base, locate the other corner posts 
by using the 6-, 8-, and 10-foot combination, measuring 6 feet from one end 
of the fixed line and 8 feet from the same line at right angles. The angle be- 
tween the two lines is fixed by measuring 10 feet from the 6-foot mark of the 
fixed line to the end of the 8-foot line, thereby making a square corner. 

The depth at which the ditch should be dug for the foundation for the walls 
will depend upon the height of the house and the dangers of heaving as a re- 
sult of freezing. Generally, the foundation should be at least 6 inches thick, 
and extend about 18 inches below the surface of the ground. If the soil is 
firm and does not cave in, it will not be necessary to build a form beneath the 
surface of the ground. The top of the foundation wall should extend at least 
12 inches above the ground level (Fig. 114). 

The concrete mbcture should be a l:2k^;314 mixture with 5 to 6 V 2 gallons 
of water per sack of cement. The foundation and post footings for a 25' x 30' 
house will requite about 4V^ cubic yards of concrete, consisting of the follow- 


ing: 

Portland cement 26 sacks 

Sand (fine aggregate) 2 Vi cubic yards 

Stone (coarse aggregate) 3Vi cubic yards 


The floor. The top of the concrete floor should be at least 10 inches above 
the outside ground level. The space inside the foundation and beneath the 
floor should be built up about 8 inches above the outside ground level with 
gravel covered with cinders, and well tamped. A layer of tar paper may be 
placed on top of the cinders before the concrete is poured in order to further 
inhibit the possible capillary rise of water through the floor. 

The concrete floor should be sloped to a floor drain at one side of the house. 
The layer of concrete should be 2 to 3 inches thick. The cement mixture con- 
sists of a 1:2:3 mbcture with AVz to 5V^ gallons of water per sack of cement. 
The entire thickness of the floor may be poured at one time. The top of the 
floor should be finished with a wooden trowel in order to produce a smooth 
surface, and the finish should be made with a light trowel. The floor should be 
kept wet for several days after being laid in order to permit the concrete to 
harden without cracking. 

A floor for a 25' x 30' house will require about 6V^ cubic yards of concrete, 
consisting of the following; 


Portland cement 45 sacks 

Sand (fine aggregate) 3V5 cubic yards 

Stone (coarse aggregate) 5 cubic yards 
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The framework. The sills are usually 2x4 inches, laid on the broad si c 
and bolted to the conaete foundation by bolts inserted in the conaete o 
dation at the time it was poured. Heavier sills are used for multiple-story 
houses. Sometimes two 2 x 4’s are spiked together for sills. 

Runners, 3x4 or 4x6 inches in siae are used as sills for portable 
Portable houses that are to be moved on runners must be braced extra well ifl 
the corners to stand the strain of moving. 

Joists for wooden Boors are either 2 x 4 or 2 x 6 inches, depending on the 
span. They should be 16 to 20 inches apart. If the space is over 10 feet, * 
center support should be used for 2 x 4-inch joists. 

Studdings are 2x4 inches and spaced 2 to 4 feet apart and to fit windows 
and doors wherever necessary. They are toe-nailed on the sill and should be set 
plumb with a spirit le\-el and brac^ well until sheathed. The comer studs are 
generally doubled, making them 4x4 inches. 

. Plates are 2 X 4 inches laid fiat on top of the studding. They are halved or 
spliced and tuiled together at the ends or over a post or stud. The plates are 
spiked to the top of the studding. Sometimes 4x4 plates are used. They are 
made by spiking t^’o 2 x 4‘s together. 

Rasters are 2 x 4 or 2 x 6 inches, depending on the size of the building. Th' 
larger rafters should be used where die clear span is 12 feet or more or «n 
climates where the roof roust support much snow. The rafters are generally 
spaced 2 feet apart. 

Purlins are 2x4sor2x6sseton edge on posts to support the roof. Th^T 
arc placed lengthwise of the house and about midway of the length of the 
rafters, which rest on them. 

About 1200 Bit. feet of lumbei ate requited for the framcteolk te “ ^5’ 
X 30 laying house. 

yalU and partitions. The walU in shed-type houses ate usually 5 
high »»> *he rear and 8 feet in the front. In gable-type houses, they are usually 
6 to 7 fm high in both the front and rear. Wood wall construaion is 
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ally used. Drop siding, Pattern No. 106, makes a very desirable outside wall 
(Fig. 113). 

Partitions are generally spaced every 20 or 30 feet in multiple-unit or long 
laying houses. About every other partition should be solid. The middle parti- 
tion may be wire netting. Drafts are created by wind entering one end of the 
house and sweeping through it, unless checked by solid partitions. 

Windows. Windows are used for admitting light and may be used for 
ventilation. 

The front windows should extend from near the floor to near the ceiling in 
order to secure the best distribution of light on the floor and to carry out the 
warm foul air from near the top of the pen. The windows should be evenly 
spaced across the front of the house. One square foot of window space should 
be provided for about 20 square feet of floor space. 

The windows should be so arranged that they may be easily opened and 
closed and will not have to be removed during the summer. One praaical ar- 
rangement is illustrated in Figure 115. The top sash is hinged to the bottom 
one and opens in to provide ventilation. It may be folded down on the lower 
sash and the entire window turned back against the wall during the warm 
summer months. The scuddings are so spaced at the side of the window that 
the sash will fold back between them. 

Rear windows were placed in poultry houses years ago in order to gee 
better distribution of light over the floor. This was desirable when scratch 
grain was fed in the litter, but is now no longer necessary with the more sani- 
tary methods of feeding. Either rear windows or ventilators are desirable in 
poultry houses in order to provide cross ventilation during hot weather. They 
should be broad but not extend down very far, so that they will not be close 
to the dropping pits. 

Ordinary single-strength window glass in 9" x 12" panes is satisfactory for 
poultry house windows. Single-strength glass permits the passage of more 
beneficial rays of sunlight than double-strength glass and yet is sufficiently 
strong when used in small panes. Glass substitutes are not durable and have 
to be replaced too often to be praaicaL 

The roof. The kinds of roofing most generally used on poultry houses are 
the so-called "prepared roofing,” built-up roofing, metal roofing, and shingles. 

Prepared roofing which is available in rolb of different degrees of thickness 
is widely used on poultry buildings. It is cheap and easily put on. However, it 
soon becomes loose, strips blow off, and it has to be replaced often. Sheathing 
is first put on the rafters, the roofing is tacked to the sheathing with large- 
headed nails, the seams overlapped, and the surfaces cemented together. The 
thicker the roofing material, other things being equal, the better the produa. 
When the doors or windows are open and the wind blows, some pressure is 
built up in the house. The wind gets under the roof through cracks and holes 
in the sheathing, the natlheads are loosened, and strips of roofing are blown 
off after a year or so. Good grade tongue-and-groove sheathing should be used 
to prevent this trouble. Prepared roofing will also fit tighter if it is put on 
during warm weather. 
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Fig. 116. Th!$ diagrom ihows th« manner in which a ballt'up roof h opplled to a boord roof 
(1). The felt bote (2) is applied to the sheathing and the edges ore protected with a strip of 
metal. (3) Roofing {A, 5, 6) is opplled ond ospholt (7) is then opplled over the entire roof. 
(Ohio Extension Bulletin 94). 


Built-up roofing consists of several layers of roofing paper and asphalt over 
wood sheathing. The sheathing should be of tongue-and-groove boards to 
prevent the wind from blowing through from the underside to loosen the 
roof. The first weight of roofing paper which should weigh sixty pounds per 
square, is laid on the sheathing and nailed down tightly with the cap spacing 
nails. The other layers of roofing paper, varying from two to four in number, 
are laid horizontal with the sheathing and cemented down with hot asphalt 
(Fig. 116). 

A built-up roof costs no more than a heavy-ply prepared roofing, but lasts 
much longer. Some poultrymen experience difficulty in applying the asphalt 
and for that reason prefer one of the other types of roofing. 

Metal roofing. Metal roofing for poultry houses is increasing in popularity. 
It is durable and will last for years before an application of paint is necessary. 
Tlie rafters need to be lath^ to hold the roofing but do not need to be 
sheathed. This reduces the amount of lumber required. 

Modern metal roofing has a double crimped edge. The crimps of one sheet 
fit over those of the next one. This prevents water from getting through the 
roof by capillary attraction. Metal roofs do not require a steep slope to prevent 
leakage. They may be used on shed-type as well as gable-ype houses. 

Metal roofs do not make the house hotter than ocher forms of roofs and do 
not cause condensation of moisture, if the ceiling is insulated. 






u. f. e. A. 

Fig. 118. A (ng|>iple*gnit faying house shewing straw ceiling tnsulotion. 

Insulation. The poultry house should be insulated for protection against 
both heat and cold. It is more important that the ceiling be insulated than the 
sidewalls. Most of the heat from the sun comes down through the roof and 
most of the heat lost from a house goes out through an uninsulated roof. 
Heat loss through different types of construction is shown in Figure 117. 
One of the types of insulation for a shed'type house is tongue*and*groove 
sheathing on the inside of the studding and rafters and the spaces between 
the inside and outside walls stuffed with shavings, dry sawdust, ground corn- 
cobs, or finely cut straw. Metal or hardware cloth may be tacked over the 
sheathing neat the perches and other places where rats may find a place to 
stand to gnaw through the insulation board. 

Metal roofing may be used in place of the tongue-and-groove sheathing to 
line the inside of the house for insulation purposes. It is durable, ratproof, 
does not need painting, and is easily cleaned. 

Fiber insulation board, while having good insulation value, is unsatisfac- 
tory for insulating poultry houses. The material must be thick and soft to 
have good insulation value. When this type of material is used, it is picked 
by chickens, easily gnawed through by rats, punctured easily by cleaning 
equipment, and becomes w'arped when wet. 

Straw loft insulation used in many Midwestern gable-roof poultiy' houses 
is satisfactory (Fig. 118). The straw' is supported on wire netting and should 
be 12 to 18 inches deep. At the ends of the house above the straw, there 
should be ventilators to allow air to pass out from above the straw. 

Permanent tongue-and-groove ceiling may be put in gable-roof houses; 
shavings or other insulation material may be put between the joists; a floor 


fig. 119. A well-equipped poultry houM. Note the eonitory metal feeder* cod waterers 
perche* end dropping boords, neit*, electric lightly Iniulotton, portifioni, ond oil heater. 

may be put on top of the joists; and the gable room space used for storage 
of litter, feed, or poultry equipment. 

Laying‘House Equipment 

Good laying-house equipment is essential for satisfactory production. It 
should be simple in construction, movable, and easily cleaned. The perches, 
nests, feeders, and waterers are of particular importance (Fig. 119)- 
Perches. Perches are essential for chickens but not for waterfowl for pre- 
vention of soilage of feathers by the droppings. They should be as far away 
as possible from probable drafts. 

The perch poles should be spaced about 14 or 15 inches apart and made 
of 2 X 2-inch material with rounded tops. Heavy IV^-inch poultr)’ netting 
should be tacked on the underside of the perch seaion This will prevent 
the birds from coming in contact with the droppings on the dropping boards 
or in the dropping pit. The perch seaions should be in 5- to 6-foot sections 
and not more than 5 or 6 perches wide, for ease in handling. The rear perches 
should rest a linle higher than those at the front, if they are arranged to be 
horizontal with the length of the house. This will encourage some of the 
birds that like to roost high to go to the back perches. Otherwise, all of the 
birds will want to roost on the front perches. Some poultrymen prefer to 
have the perch poles at right angles to the front of the house. The facing of 
the perches is of minor importance. Sufficient perch space should be provided 
to provide 8 to 10 inches per bird. 

Dropping boards were formerly recommended, and are still widely used 
for holding the droppings that are voided during the night while the birds 
are on the roost^'niey are usually built like tables and are about 2}A feet 
from the floor The perches rest on short legs on the dropping boards and 
r ‘ <>«>Pping boards, by reSining nearly 

ha lot the dtopptng, ™ded. aid ,n keeping the litter clean and living con- 
thr.hr f “7“’'- 7^' ‘>'°PP‘"S boards and perches should not be more 

t or 0^1 hi h • i^P “ 

Hit r^rcht 1 ^ "‘P™'' ogg.producrion organs. 

ets Sett: tSyl^Sr'"' 

Cheaper ro cnnsrmL .ban dr:;^.rXKTrVrLrar:^^^^^^^ 
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Fig. 120. Detail] for roojts and dropping pit. (Ohio Exiention Bulletin 94.) 


both cases. In case of the pits, the droppings are allowed to fall on litter on 
the floor beneath the perches. The perches are about 18 inches from the floor 
at the rear and about 12 inches at the front. The front of the perch section 
rests on a board which keeps the birds from getting in the pit beneath the 
perches. The dropping pits need not be cleaned as often as dropping boards. 
Dropping pic perches are lower than those with dropping boards. There is 
less danger of rupture or bruising the feet in getting on and off of the perches. 
Trouble encountered in teaching newly boused pullets to roost is eliminated 
by the use of low dropping-pit perches. At first thought, one would expect 
dropping pits to take up coo much valuable floor space. This is nor the case 
because the birds spend much of the time during the day on the perches, 
when they are low. The dropping pits act much like a seaion of the pen with 
a wire floor. Since birds spend much of the time during the day over the 
dropping pits, a bigger percentage of the droppings is coUeaed in the pit 
and the Utter remains clean for a longer period. 

Nests. Nests should be roomy, movable, easily cleaned, cool and well venti- 
lated, dark, and conveniently located. 

Nests are usually constructed 14 inches square, 6 inches deep, and with 
about 15 inches head room. All-metal nests are preferred to wood nests 
because of ease of cleaning and less chance of becoming infested by mites. 
The entire battery of nests should be movable for convenience in cleaning. 

One nest should be provided for every five or six hens. In case the birds 
a:e trap-nested, one nest should be available for eveiy two or three birds. 
Dark nests ate desirable because birds prefer seclusion when laying. They 
result in less scratching in the nest, less egg breakage, and less egg eating. 



Fig A eomcnunlty n*it. TV* ff«nl port «f the ltd •» hingtd for *ot* of gath^nog if** 
*gg*- 

Batteries of nests may be placed against the end walls or partitions 
along the posts supponiog the roof in the center of the house. 

Trap nests dlSei from regular nests in that they are provided with trap 
doors by which birds shut themselves in when they enter. Trap nests are 
essential on poultry-breeding farms. 

The large type community nest is becoming widely used in many secuons. 
While the nests seem large, they actually otxupy less space in the laying bouse 
because fewer nests are required to provide ample nesting space. 

The two-seaion nest shown in Fig. 121 is 8 feet long, 2 feet wide, 14 in^es 
high in front, and 30 inches high in back. The entrance for the birds is ^ 
inches square. The ltd is made 16 inches wide and ran he hinged with strap 
hinges. It will accommodate 80 to 100 birds. 

The floor of the nest can be hinged so it will drop for easy cleaning, or the 
bottom can be made separate and the nest set on the floor. The nest can be 
fastened to the vt-all or supported as the one shown in Fig. 121. 

■^c perch should extend beyond the front of the nest 10 to 12 inches. 

For convenience of the caretaker, the nest should be placed 18 to 20 inches 
abo\-e the floor. ^ 

Wall feed bins. Enough feed is wasted on many farms, by rats and aice 
tearing o^n sacks, to pay for enough lumber to construct one or ni-o feed 
Dins in the laying house. 
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Fig. 122. A wot! feed bin {n the poulKy house sovei space, labor, ond feed. 

If an Opening is provided on the outside ^’aU, the bin can be filled from 
a truck or trailer without going into the laying house. 

The bin need not be built more than 18 inches wide, and the bottom 
should be sloped so the front of the bio is 18 inches lower than the back side 
of the bin. TTiis will allow more of the feed to run out the slide gates and 
abo facilitate complete removal of all feed in the bin. 

A wall bin that will hold 2 or 3 tons of feed can be supported on the wall 
and ceiling joist without floor supports. It does not take up floor space or 
hinder in cleaning the house (Fig. 122)- 

Feeders. The feeders should be easy to fill, easy to clean, built to avoid 
waste, so arranged that the fowls cannot roost on them, high enough that 
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Fig. 124. Agtematlc poultry feeder. 

the birds cannot scratch litter in them, and constructed in such a manner 
that as long as they contain any feed at all, the fowls will be able to reach it. 

Sufficient feeders should be available so that there will be one foot of 
eating space for every three or four birds. More hopper space is recommended 
now than in former years because both the grain and mash are hopper fed, 
whereas in former years the scratch grain was fed in the litter. Several differ- 
ent styles of feeders are shown in Figure 123. All metal feeders that slope 
inward toward the bottom ate more desirable than rectangular, boxlike 
wooden feeders. 

A section of the feed hopper may be partitioned for oyster shells or other 
grit. It is advantageous to have the source of calcium for eggshell formation 
near the feed hopper. 

Automatic fevers (Fig. 124) are now in use in some large broiler and 
egg-laying houses. They save labor. The feed is moved from a feed bin by a 
moving belt in a long trough. 

Watering devices. Satisfactory watering devices should keep the water 
clean, be available and easily cleaned, and prevent spillage of water around 
the vessels. 

A hundred hens will drink from three to six gallons of water or milk per 
day, depending on sire of birds, rate of production, salt content of the ration, 
and weather conditions. Therefore, two or three water buckets or vessels of 
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fig. 125. Sanitary dfinkinfl v«»«l and *land. The overflew U carried owoy In *'*• 
tuppont the veml. 


equivalent capacity should be provided for each hundred hens. A 
123) should be provided for holding the bucket, in order that the bir 
stand on it and drink until the vessel b empty. Various forms of covers 
pros'ided for open pans and crocks to keep birds out of them. 
fountains are provided for young chicks, and in some cases for older > 
as well (Fig. 125). Troughs with automatic float valves and other autoinan^ 
watering devias are us^ on commercial farms where large numbers 
birds are kept and tunning water is available. 

Lights. Artificial lights arc used in laying houses to stimulate fall pt^ 
duaion of hens, to bring late* or slow-maturing pullets into produaion, 
to delay or hasten birds thiough the molt. 

About a forty-watt bulb to a pen that will accommodate fifty to one hufl 
dred birds is sufficient. The li^t is usually placed in the center of the peo 
and over the feeders and water sunds. The use of a broad, flatlike reflect®^ 
will throw more of the light toward the floor and on the birds. 

Morning, evening or all-night lights are saiisfaaory. Morning lights ^ 
most generally used. Some automatic device is used for turning on the light* 
about 3.00 Of 4 00 A>t. A simple home-made device attached to an alar® 
clock may be used for this purpose (Fig. 126). 

Catching equipment. Catching coops, hurdles, and catching hooks are 
valuable equipment for the poultry farm. The birds may be driven into one 
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Fig. 126. A homemade device for turning on the electric lights in the laying house. 


end of the house with the aid of wire frame hurdles and on into rows of 
catching coops lined up end to end with the doors open at both ends. The 
birds may be caught with these aids with a minimum of labor and with little 
fright or injury to the birds. Collapsible, bottomless wire coops are of par- 
ticular value to hatcherymen for culling and blood-testing work. A catching 
hook and coop (Fig. 127) are handy devices for catching birds. 

Broody coop. A broody coop with a wire bottom, located at one end of 
the dropping boards or dropping pit, is useful for holding broody birds or 
those that have been injured. Less labor is involved in removing and caring 
for broody or injured birds if they can be cared for in the pens where they 
belong. ITiis is especially true if the birds are on some kind of an experi- 
mental test. 

Cleaning equipment. Some useful tools for cleaning purposes include 
shovels, brooms, Scrapers, etc. 

Spray pump. A spray pump is satisfaaoty' for applying disinfectant after 
a house or equipment has been thoroughly cleaned. 



fig ^27. Cotchifig <«ep and hoek. TK# bifdi may b* drW«n out tSrangh the eWck#'’ 

Into the catching <o«p. 

Incinerator. An toctoeratot should be conveniently located fof bumuJg 
dead or disea^ bltds. 

Manure shed. A screened-in manure shed should be available for bold- 
ing droppings or litter that cannot be disposed of at once. Manure piles 
breeding places for flies. These and other insects are carriers of disease. 


Care of the House 


3 be ob- 


The house must be carefully managed if satisfactory results are to 1 
rained. A good house and equipment arc only the first steps toward success- 
ful poultry production. Essential everyday poultry house management pr^c 
decs to be canied out include ventilation, temperature control, and sanitation- 
Ventilation of the poultry house. The house may be ventilated by sDdOS 
of the windows and without the aid of special ventilators. 

Ib summer both the front and back windows should be kept wide opco 
in order to secure cross ventilation. The doors in the ends of the building 
^Id also be left open, and wue or screen-ctnered doors used to keep the 
birds confined 

In Ihtfdl nnd iprmg, »hcii weather conditions are quite chanceabie. the 
tear wi^owa ot sentilatots and the end doors should be kept closed. Venti- 
iM.on shouU U pros tded thioogh the top sash of the windows. These should 
^ opened back or folded down, depending on the season of the year. Most 
d t.ie ttoub.es from faulty sentiUtioti start in the falL The house is ofic” 
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filled to capacity and left wide open with cross ventilation. If a cold, chilly 
storm comes along, the birds are exposed to drafts and may contract a cold 
developing into bronchitis or roup. Once a few of the weaker birds have 
become ill, the trouble is easily spread to others in the flock. Correaing the 
ventilation after the birds have been exposed is too late to prevent the onset 
of the trouble. Weak, parasitized, or poorly nourished birds are most likely 
to be affected first. 

Jn the winter the windows should be adjusted to take advantage of all 
the outside temperature possible. A thermometer should be kept outside of 
the house as well as inside. When the outside temperature goes above the 
inside temperature during the day, the upper sash of the front windows 
should be opened. When the outside temperature starts to drop, the windows 
should be closed to retain as much heat as possible. During thawing weather, 
the house will become quite wet unless the windows are opened. If the tem- 
perature cannot be kept above freeing in the house, when the building is 
tightly constructed, the windows should never be completely closed. The more 
moist exhaled air kept in the house when the temperature is below freezing, 
the greater the danger of frozen combs and wattles. 

Temperature control in the house. Extremes of temperature should be 
avoided in the house, as far as possible, through praaical means. Insulation 
of the house and cross ventilation will help prevent extreme heat in the pens 
in summer. 

Insulation, eleminacion of high ceilings or unnecessary air spaces, keep- 
ing the house filled to capacity, and proper window ventilation will help 
keep the Inside temperarure above that of the outside temperature in winter. 
In spite of all these practices, the temperature in the house will drop below 
freezing, at least a few times during the winter, in most of the central and 
northern states. This will interfere with egg production and in the case of 
breeders will result in lower fertility and hatchability. 

A coal, wood, or oil brooder stove may be used in the iaying house during 
cold winter weather. One stove will provide sufficient heat to keep the tem- 
perature from going below freezing in a well-insulated pen that will accom- 
modate five hundred to one thousand birds. There are not many days that 
supplementary heat will be needed. The use of a little heat will not only make 
the birds more comfortable but will aid in drying out the house. 

Sanitation. Sanitation should be practiced every day in the year. The 
larger the farm and the more birds in a pen, the more rigidly it should be 
enforced. Every sick or injured bird should be removed as soon as noticed 
and put in a separate small building, used as a hospital. 

IdttcT used on the floor, stirred every few days, and the addition of a little 
new Utter from time to time will aid in keeping the floor warm and dry. The 
accumulated built-up litter provides a place for the synthesis of nutritional 
factors. 

Wire floors may be used in the absence of litter. However, a more com- 
plete ration must be fed when birds are kept on wire than when they are kept 
on litter. 
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The droppings and litter should be removed as often as necessary ® 
vent wet, dirty, foul-smelling conditions, in the house. They should 
moved at once to some distant part of the farm where chickens will notrange. 
If this is impractical, they should be stored in a screened-in manure sh 

The feeders and waterers should be kept clean and partly filled at all tunes* 


Yards 

Good range is desirable for healthy birds, good egg production and hat(h 
ability, and reduced feed costs. However, the use of range requires that t e 
birds be kept in small groups and in small houses scattered over the 
This adds to the cost of production through the necessity for land and m 
aeased housing and labor costs. Poultrymen find that for commercial egg 
production, at least, it is more economical to keep the layers in confinemeor* 
Alternate yarding may be used with small groups of birds in small house^ 
While the birds are ranged in one yard, the other one may be plowed an 
planted with a cover aop. One yard should extend out on one side 
house and the other one on the opposite side. The yards should be the width 
of the house and extend fifty to one hundred feet ftoaT it. Even with a two* 
yard system, the vegetation soon disappears near the bouse and the yard be- 
comes dirty. 

Cindered yard: provide sunlight and fresh air for long multiple-unit houses 
where range would be impraaical. They should extend along the entire front 
of the house and sbt to ten feet out from it. 

Fencing the old birds off the range where young chicks or turkeys are 
to be ranged is an absolute necessity. The old birds are often carriers of para- 
sites, coccidia, and bacterial diseases to which the young stock is very suscep- 
tible. A five-foot wire fence is desirable. The large wing feathers on one wing 
may be dipped to prevent the birds from flying out of the yards. 


Laying Cages 

. Single^leck laying cages (Fig. 128) have been advocated recently. esp« 
cially in the southern part of the United States, where the climate is miU 
They have the following advantages over the three- or four-deck sy'Stcir 
used to a limited «tent in past yean: (1) They are simple to build and Ic 
CTpensivc. (2) The manure falb to the floor and therefore requires le 
labor for manure removal (5) The single deck of cages eliminates ove 
crowding of the house. ® 

W“g cages have the foUowing a^ 
Achate and heavy cuUing is possible. (2) Uniform hif 

m^fpioduaionby replacing cnlls by teady-to-ufpuUets. (3) Fewer la)- 

tZ (4) Hens ennor develop .1 

fabit o( caring eggs. (5) Fewer badly soiled eggs are gathered (6) Canib: 

)eat. IB) An accutaie egg record U possible. 
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Fig. 128. Slngle.d«ctc cpg*< (or laying hent. 

The disadvantages of laying cages include: heavy investment per hen, 
labor requirements, fly problem, and replacements. It requires about a dollar 
more per bird for housing by the cage method, according to studies made in 
Alabama. It requires a little more tabor to care for birds in batteries than on 
the floor. Flies will cause trouble unless the walls and doors of the building 
are sprayed with DDT or BHC (p. 350), and the manure kept dry by floor 
ventilation and sprinkling every few days with super phosphate. A group of 
replacement pullets should be raised or purchased every other month. 

Housing requirements. In Florida and southern California about all the 
housing required for caged layers is a roof for shade and protection from 
rain. In cooler climates, the cages are installed in tegular poultry houses. No 
supplemental heat need be provided unless the outside temperature goes be- 
low 15° F. rather often. 

REVIEW QUESTIONS 

1. Why house poultry? 

2 . What seasonal conditions should be attempted in the laying house? 

3. A house 20'x30' will accommodate how many laying hens? 

4. What are the principal ill effects of overcrowding? 

5. What are the advantages and disadvantages of keeping small numbers of 
birds in a pen? 

6. What diseases arc likely to develop as a result of birds being exposed to 
drafts? 

7. Should the house be warmer during the day or night? Why? 

8. What are the sources of moisture that cause damp houses? 
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9. 'What are the advantages of ming artificial heat in laying houses? 

10. What are the advantages and disadvantages of reducing the amount o y 
light in poultry houses? 

11. Which direction should the house face? Why? 

12. What type of house is easiest to constma? 

13. Why are monitor-type houses objectionable? 

14. What should be the composition of a concrete mixture for poultry otts 

floors? ^ • f ter 

15. How are concrete floors construaed to prevent the capillary rise or wa 
through them? 

16. What is one of the best types of ceiling insulation? 

17. How many feet of perch space ate needed for one hundred hens? 

18. Why are dropping pits bener than dropping boards? 

19. How many nests should be provided for five hundred hens? ^ 

20. How many feet of eating space should be provided for one hundred hens. 

21. Describe an inexpensive practical means of heating a poultry house. 

22. What are some of the means used to maintain a satisfaaory temperature m 

the house without the use of supplementary heat? , 

23. What are the advanuges and disadvantages of providing range for layers. 

24. What ate the advanuges and disadvantages of laying batteries? 
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CHAPTER 9 

Feeding Principles 


The primary purpose in keeping poultry is to transform farm feedstuffs 
into meat and eggs. The fowl may be compared to a factory. Feedstuffs, such 
as corn, meat scraps, grass, and oyster shells, are the raw materials. Meat and 
eggs are the manufactured products. The manager of the factory is the poultr)' 
feeder. The efficiency of the faaory will depend upon ( 1 ) suitability for 
purpose, or type of bird; (2) quality of construction, or breeding of bird; 
(3) working conditions in factory, or health of bird; (4) raw materials, 
or the feedstuffs fed; and (5) management, or feeding and care provided by 
the feeder. 


Nutrients 

The body of the fowl, eggs, and feedstuffs are composed of various combi- 
nations of chemical compounds known as nutrients. They are classified ac- 
cording to physical, chemical, and biological properties into six general 
groups: water, carbohydrates, fats, proteins, minerals, and vitamins (Table 
46). There is some similarity between the occurrence of nutrients in feed- 
stuffs and their occurrence in the body of the fowl or in eggs. For instance, 
the vitamin D content of the egg depends on the vitamin D content of the 
ration. Most of the feedstuffs, however, are reduced to simpler substances in 
the body by processes of digestion and reassembled in different forms as body 
tissues and eggs. 

Water. Water is the only one of the six nutrients that is a definite com- 
pound. It is composed of two atoms of hydrogen and one of oxygen (HjO). 

Water plays a highly important part in plant and animal life. It is a 
chemical constituent of feedstuffs, fowls, and eggs (Table 1, Appendix). 
Water constitutes from 55 to 78 per cent of the live weight of chickens. 
Young birds, like young plants, have higher moisture content than older 
ones. Water softens and hydrolizes feed in the processes of digestion. As an 
important constituent of blood and lymph, w'ater carries digested food to all 
parts of the body and waste products to the points of elimination. Water con- 
trols body temperature by absorbing the heat of cell reactions and by va- 
porizing moisture for exaction by way of the air sacs and lungs. It also serves 
as a lubricant for joints, muscles, and other body tissues. 
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Table 46 


NUTRIEXTS NEEDED BY POULTRY AND THEIR CHIEF 
FUNCTIONS AND SOURCES* 


Nutneot 1 

Chief Function* fi» Fbulttx 

Chief Sources for Poultry 

Water 1 1 

Digestion, carrier of food and waste ' 
products, and regulator of body 
temperature 

Water, liquid milk, and )'oung 
green grass 

Carbohydrates 

Heat, energj-, and fat production 

Cereal grains and grain by- 
products 

Fats 

Reserve supply of teat and energy 

Cereal grains, grain by-products, 
and animal fats 

Proteins 

Growth and repair of body tissues, 
egg formation, and heat, energy, 
and fat production 

Nfilk, meat scraps, fish meal, soy- 
bean meal, com gluten meal, 
and cottonseed meal 

Minerals 

SLeleton formation, egg production, 

1 and regulation of b^y neutrality 

Meat scraps, fish meal, milk, bone 
meal, oyster shells, limestone, 
and salt 

Vitamio A 

Growth; health of eye nerves, and 
rwpiratory epithelium; preven- 
tion of nutritional roup, and 
xerophthalmia 

Green grass, dehydrated alfalfa 
meal, some fish oils, com gluKO 
meal, yellow com, and syO' 
thetic vitamin A (p. 253) 

Thiamin (BO 

Appetite, digestion, health of * 
nerves, and prevention of poly-i 
neuritis j 

Green grass, alfalfa meal, whole 
grains, wheat by-products, and 
milk by-products 

Vitamin D 

Mineral assimilation; egg produc- ' 
lion; hawhability; and preven-l 
tion of rickeu, crooked breast- 
bones, and thin eggshells 

Sunshine, fish oils, irradiated 
[ animal sterols and yeast, and 
ultravnolct light 

\ itamin E 

Health of rcproduaivc organs and 
for fertHiiy and haUhabiUty 

Green grass, alfalfa meal, 

grams, and wheat by-pro‘3“^ 

Riboflavin 
(B, orG) 

Growth, haichabiliiy. and preven- 
tion of curled toe paraljtis 

Green grass, alfalfa meal, roiik 
by-products, yeast, and fennea- 

Pantothenic 

Acid 

Growth, hatchabihty, health of 
1 skin, and pres'ention of chick 
{ dermantis 

Grecn grass, alfalfa meal, m'lk 
products, distillers’ solubles, 
and j-cast 

Choline 

1 Growth, bone development, ege 
1 P^uction. and prevention of 

Grains, wheat by-products. *®F* 
bean meal, milk prcxiucts, meat 

\ itamm Bij 

Urowth and hatchabihty 

Fiih meal and solubles, meat 
scraps, milk, and used or 
built-up pooltrj' fitter and fer* 

— 

vjrowth, feathering 

__j 

hivcr, yeast, milk, bran, mid- 
dllngt synthetic sources 

•Alvi, »cc 

rp 247-56. 
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Water generally constitutes from 5 to 12 per cent of air-dried grains and 
other feedstuffs fed to poultry. It is also formed in the body as an end product 
of the oxidation or burning of digested food (Fig. 129). These two sources 
supply only a small fraction of the water needed by a bird for its body proc- 
esses. Therefore, a liberal quantity of water or liquid milk, which is about 
90 per cent water, should be kept before poultry at all times. 

The water or moisture content of a feedstuff or other material is determined 
by drying a weighed sample of the product and calculating the loss in weight. 

Carbohydrates. Carbohydrates are composed of carbon, hydrogen, and 
oxygen, with the latter two nearly always occurring in the same proportion 
as in water. They occur in very small amounts in animals and poultry prod- 
ucts. Carbohydrates constitute about 75 per cent of the dry weight of plants 
and grains (Table 1, Appendix). Therefore, they make up a large part of 
poultry rations. 

The plant manufactures carbohydrates in its leaves from water brought 
from its roots and carbon dioxide taken from the air. Simple carbohydrates, 
such as glucose (C^HijO^), are formed into more complex ones, such as 
starch (CoHioOg)X and cellulose. Energy from sunlight is stored up in the 
carbohydrates. It is liberated when carbohydrates are eaten, digested, and 
oxidized in body tissues. 

Carbohydrates- serve as a source of heat and energy in the animal body. A 
surplus taken into the body may be transformed into fat and stored as a 
reserve supply of heat and energy (Fig. 129). 

Simple sugars consist of the hexoses, or six-carbon sugars (C^HioOg), 
and the pentoses, or five-carbon sugars (CgHjoOg). Glucose, fructose, and 
galactose are the chief hexose sugars found in plants. Glucose is of special 
importance in animal nutrition, for it is the chief end product of the digestion 
of more complex carbohydrates and the sugar found in the blood. The 
pentoses ate constituents of more complex carbohydrates. 

Compound sugars consist of two or more molecules of simple sugars. 
Sucrose (CiaHooOu) is one of the most common of these sugars. It con- 
sists of a molecule of glucose and one of fruaose. Sucrose is found in sugar 
cane and sugar beets. Lactose is composed of a molecule of galaaose, and 
one of glucose. It is the sugar in the milk of all mammals. Maltose consists 
of two molecules of glucose. It Is formed from starch in the germination of 
seeds and in digestion by animals. 

Starch (CqHjoOj), consists of many molecules of glucose. It is stored in 
the seeds and tubers of plants as a reserve food supply. Starch is, therefore, 
an important source of energy in the feed of farm animals. The starch grains 
in different plant products differ in size and shape. An examination of starch 
grains under the miaoscope can be used to determine their source. This is 
often a useful method of deceaing adulteration in feeds. Starch is not found 
in the tissues of animals. Glycogen, a reser\'e supply of carbohydrates, some- 
what resembling starch, is stored in the liver and muscles of the body. 

Fiber, or cellulose, is the woody component of the cell walls of plants. It 
is more complex than starch. Fiber is poorly digested by animals. It is 



t Bvmeti (Oxidized) i 
• /or Heat f Cnery^ \ 

I'n il” **'^**’'“" ("■tobolum of noifUnit by iho foot. (Collfomio Station BoH*- 


'»;[■"« » flfy, fat-ftM sample in dilute acid, washing fr« 

“I* "-ashing. The dry solid residue remaining 

fJi I, fttn' d T carbohydrate portion of a 

c'v!?'’' a' forfsorf! minus the sum of the mois- 
^'.S. T'' “ *' "-ogen.free etrtraa. 

but m dtoemT’^ foooJ in carbohydrates. 

S^in if Tats rSr'r-sr^JT “ ■"“* “*<>“ in propoinn m 

“75^ ( cifin CsjHueO.) than in carbohydrates. When fats *re 
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oxidi 2 ed or burned, the large amount of energy stored up with the carbon is 
released. Fats have about 2.25 times the heat-production value of carbo- 
hydrates. Fats serve as a reserve supply of heat and energy. Subcutaneous fat 
serves as a body insulator. 

Fats constitute about 17 per cent of the live weight of the fowl and 10 
per cent of the whole egg. The germs of grains and seeds are also rich in 
fat or oil content (Table 1, Appendix). Fats are composed of an alcohol 
(glycerin) and fatty acids. They are formed from carbohydrates in plants. 
Some fats (tallow, for instance) are quite firm and hard because of their 
high molecular weight and saturated fatty acids. Others, like chicken fat, are 
oily because of their lower molecular w'eight and unsaturated fatty acids. 

Ether extract, or crude fat, includes not only the true fats, but all related 
plant or animal substances soluble in ether or other fat solvents. It is de- 
termined by extracting a dry sample with ether. The loss in weight of the 
product after extraaion is the ether extract. It includes fats, sterols, carotenes, 
chlorophyll, phospholipids, waxes, and essential oils. 

Sterols are complex alcohols found io very small amounts in plants and 
animals. Ergosterol is a plant sterol which assumes vitamin D properties 
when irradiated with ultraviolet light rays (p. 254). Cholesterol is an an- 
imal sterol found in the skin, nerves, fat, and blood. It probably aids in trans- 
porting digested fat from one part of the body to another. When irradiated, 
it assumes vitamin D properties (p. 254) . 

Carotene and related pigments are colored substances found In traces in 
plants and animals. Carotene is transformed into vitamin A in the body 
(p. 252). It is the yellow coloring found in yellow corn, carrots, sweet po- 
tatoes, and butter fat- Carotene is also supplied by green-colored parts of 
plants where its yellow color is hidden by the green chlorophyll. 

Chlorophyll is the green-colored substance found in all green plants. It is 
necessary for the formation of carbohydrates in the leaves of plants. 

Phospholipids are fats containing phosphoric acid and nitrogenous groups 
in their molecules. They are viral parts of living protoplasm. Lecithin is found 
in egg yolk, blood, and the liver. Other phospholipids are found in the brain 
and other nervous tissue. 

Waxes form a coating or bloom on the surface of plants for protection 
against weather. 

Essential oils give the plants their charaCTcristic odors and tastes. 

Proteins. Proteins are composed of carbon, hydrogen, oxygen, and ni- 
trogen. Some of them also contain iron, phosphorus, and sulphur. Proteins 
are widely distributed in both plants and animals (Table 1, Appendix). 
They form a part of the protoplasm and nuclei of cells and are, therefore, 
essential to life. In plants the greater part of the proteins are concentrated in 
the seeds and leaves. Proteins constimte a large part of the muscles, internal 
organs, cartilages, skin, feathers, beak, scales, and toenails. They also occur 
in blood, nerve tissue, and bone. The chick contains about 15 per cent pro- 
tein, the hen 25 per cent, and the whole egg 12 per cent. 

Proteins ate used for grot^'th and repair of tissues. An excess protein eaten 
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in ihe ration may be de-amized and the carbohydrate portion used for tea 


and energy or transformed into fat (Fig. 129) 

Nitrates and other minerals entering the plant throu^ the roots are co 
bined with the carbohydrates formed in the leaves to produce nitrogeno 
produas, including amids, amino acids, and proteins. _ 

Animals manufacture the proteins diataaerbtic of their own tissues, u 
in general they cannot build them up from simple inorganic substance ^ 
as suffice for plants. They must depend upon the digestion products obtain 
from the proteins of their feed. 

Proteins are large complex molecules. They are insoluble in all fat 
Proteins differ in tiieir solubilities in water, salt solutions, and alcohol These 
differences play a considerable part in their classification. 

Amids are simple nonprotein nitrogenous products found in growi^ 
plants. They are used in making amino adds. Amids cannot be substitut 
for proteins in the cation, but they may be used for heat and energy purposes. 

Amino acids are the building stones for proteins. The twenty-dtree or 
more known amino acids may be combined in various ways to produce 
proteins, as the letters of the alphabet may be used to form innumerah e 
words. Most of the amino acids needed in the body can be made from m- 
trogen digestion products in the food. 

Arginine, histidine, isoleucioe, leucine, lysine, methionine, phenylalam^ 
threonine, tryptophan, and valene are essential amino acids. They must be 
supplied by proteins fed in the ration. Therefore, care is needed in the 


lection of fe^cuffs to supply the proper kind and amounts of the esseo' 


itUl 


amino acids. The occurrence of some of the amino acids in feedstuffs is shown 
in Table 47. 

Enzymes arc protcin-Uke substances which aid in the digestion of 

rhev occur in small amount In nUnt I j in thc di- 


gestive juices of animals. Amylase digests carbohydrates, lipase acts oo f^ts* 
and pepsin and trypsin digest proteins. 

Crude protein is the nitrogen content of a product X 6.25. This factor b 
used because protems contain approximately 16 per cent nitrogen. 

Minerals. Minerals, frequently referred to as ash, are essential constituents 
of both plants and animals. The ash content of plant products varies fro® 
less than 1 pet cent in polished rice to more than ?0 oer cent in kelp- h c 


I pet cent in polished rice to more than 30 per cent in kelp- h con- 
stitutes 3 to 4 per cent of the live weight of the fowl and about 10 per cent 
ot the egg. 

Minerals ate used (or bone and egg formation, digestion, maintenance ef 
^ y^nenttaliq,, respiration, and elasticity and ittiability of mnscles ^ 


'S8*ell formation, and for muscle acting 
fhe fo™ of “n* '88 plk. netees. and odtet tissues. I" 

the fotm of phosphates tn the blood and other body tissues, it regulates body 
'ormatL in^*e blSd. In 

^ “'i" m cattytng oxygen from the lungs to the body tissues and 
cells and catbon d, ox.de from dtem to the lungs. sSpbur is a cinstintenc of 
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Table 47 

PERCENTAGE OF CERTAIN AMINO ACID REQUIREMENTS OF CHICKS SUP- 
PLIED BY CERTAIN PROTEIN SOURCES IF USED TO PROVIDE 20 PER CENT 
PROTEIN TO THE DIET * 


Atnitw Acid 

1 Arataiae 

^ Lyiiftc 1 

MetKioninc 1 

Cyttine 

Tryptophift 

Protein source 

Fish meal 

123 

202 

124 ^ 

85 

98 

Fish solubles, cond 

72 

109 1 

60 

30 

32 

Meat scrap 

117 

138 

80 , 

70 

64 

Skim milk 

52 

157 

92 

60 

104 

Soybean meal 

107 

136 

56 ' 

75 

98 

Cottonseed meal 

135 

82 

64 1 

110 

93 

Peanut meal 

165 

67 

44 1 

80 ' 

72 

Sesame meal 

145 

62 

136 1 

65 

96 

Sunflowerseed meal 1 

137 

96 

140 1 

80 

104 

Linseed meal 

120 

65 

92 j 

95 1 

136 

Yeast 

73 

153 

76 1 

60 1 

98 

Alfalfa 

83 1 

in 

72 1 

95 1 

144 

Corn gluten meal 

53 1 

38 

92 

80 1 

64 

Corn 

63 

60 

76 ' 

85 

72 

Wheat 

67 

67 

(A 1 

95 

93 

Wheat bran 

100 

74 

I 

65 

112 

Oats 

97 

74 

76 

80 

96 

Barley 

70 

55 

76 

80 

1 88 


* H J. AlmauKt, Pfouins and Anino Acidt in Anmat NuirUton, 3ti. rd., J954 U. S InduitrUl Chemicati 
Co . New Yotk 5. k. V. 


essential amino acids found in the egg. Sodium and potassium are constituents 
of phosphates in the blood, which prevent excess acidity or alkalinit)’. They 
are also constituents of the bile and other body fluids. Chlorine is a con- 
stituent of the hydrochloric acid, secreted in the gastric juice, for dissolving 
minerals and digesting proteins. Iodine is a constituent of the thyroid. Mag- 
nesium and manganese are constituents of bones. Copper aas as a catalyst 
for hemoglobin formation. Traces of boron, zinc, and other mineral elements 
may also have some function in plant and animal life. 

The mineral or ash content of a product is determined by burning a 
weighed sample. The residue is the ash. It does not give needed information 
regarding the kind, t^uaniity, or form of the mineral elements present. By 
long, laborious, and expensive methods it is possible to determine the kind 
and quantity of mineral elements present in an ash. The distribution of some 
mineral elements in poultr)’ feedstuffs is given in Table 2, Appendix. 

Vitamins. Vitamins constitute the newest group of nutrients discovered 
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in plants and animals. They are organic Inci^llSin'g 

smaU quamities. Viramlns ar. essenml to .he hea>* ^ “ fj 
of aolmak They mm. be stored in *e egg along w.th other nutr.ents 

nSlttn^tomed by chentieal or biological testsjhe Un. 
be made by microbiological methods or by chick- or rat-feedmg 
vitamin potency is determined by adding Ae product to be tes 


vitamin potency is determinea oy aaoing uie 

ent levels as a supplement to a bacteriologiol culture inedia or .g 5 u]ts 

ration known to be devoid of the vitamin urider consideration. 1 
are compared with those produced by a similar media or ration 
different levels of the known vitamin have been added. ^ rurred 

Vitamins were discovered by obser\'ing nutritional diseases 
when certain foods were lacking in the ration. Since the chemica co 
tion of the vitamins was not known at the time of their discovery, t . 
designated by letters. There are now 12 vitamins that have been stu i 
detail (Tables 46 and 51 and Table 3 in Appendix). Most are gen^uy 
available in pure form. Other vitamins are now recognized and are & 
investigated. _ 

Vitamin A. Vitamin A is a thick, pale yellow liquid at ordinary t 
perature. At very low temperature, it occurs in pure crystalline foiin* * 
min A has the empirical formula CjoHa^O. It is associated with 
and is soluble in fat solvents. Vitamin A is formed in the animal 
carotene and cryptoxamhin eaten in the feed. True vitamin A . 

catotinoid pigments from which it is formed are destroyed by prolonged n 
and exposure to air. ^ ^ 

A reserve supply of vitamin A and its precursors is stored in the hver 
fat tissues of the body. Vitamin A is also stored in the egg, the amount 
pending upon the amount fed in the ration. 

Vitamin A is necessary for growth, egg production, hatchability, resbra^f^ 
against respiratory and eye infeaions, and normal kidney function. Vinmu^ 
A deficiency diseases are nutritional roup (p. 343) and xerophthalmia. 

Tfffc i’itamin A is abundant in the livers of certain kinds of fish. Th® 
obuined from the livers of bass, eels, halibut, cod, and tuna are the rich®^ 


ruruial sources (Table 3, Appendix). 

Carotenes (C„H„) ate plant sources of vi tamin A- The carotenes exc 
yellow, fat-soluble pigments found in green plants and yellow carrots. hJ 
fact, the green or yellow coloring is a tough indication of the richness o 
foods of plant origin in carotene— the more intense the coloring, the gf^tcf 
the carotene content. Young, tender, leafy green or dehydrated grasses, sucn 
as lawn grass or clippings, and alfalfa, arc good sources of vitamin A- 

Crypioxantbin, a yellow pigment found in grasses, yellow com, and 
yolk of the egg. b another source of vitamin A Additional sources are Ib*^ 
in Table 3. Appendix. 

The relative amounts of vitamin A and vitamin A-active carotinoids i*' 
foods can be measured by controlled feeding experiments with rats. 
tree from vitamin A, but adequate in all other respects, arc fed to norm^ 
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young rats until their body stores of the vitamin have been depleted. The 
body weights of rats that have reached this stage cease to increase and signs 
of an abnormal eye condition are apparent. 

The food being tested for its vitamin A content is then fed as weighed 
daily supplements in such quantities as will promote a rate of growth equal 
to that induced by a standard quantity of pure beta-carotene. 

The International and U.SP. (United States Pharmacopeia) imit of vita- 
min A is biologically equivalent to 0.344 micrograms of vitamin A acetate 
and chemically equivalent to 0.3 micrograms of vitamin A alcohol. These 
synthetic forms of vitamin A are more stable than the naturally occurring 
true forms or the precursors in the form of carotene. They are being used 
more extensively than fish oils and alfalfa as a source of A. 

Foods tested in this way may contain both vitamin A and vitamin A-active 
carotinolds. The animal feeding tests do not distinguish between the growth 
responses due to vitamin A and these carotinoids, and for this reason the 
results are usually expressed as total vitamin A value. 

Animal feeding tests are expensive, time-consuming, and laborious. Ef- 
forts are being made to develop chemical and physical methods of testing 
the vitamin A value of foods and feedstuffs. One of these is to extract the 
sample with a fat solvent; remove the fat, vitamin A-free pigments, and other 
impurities; and compare a solution of the residue with a standard solution of 
beta-carotene by means of a spectrophotometer or colorimeter. 

Thiaimn (Bj). The watec-soluble, growth-promoting substance formerly 
known as vitamin B is now known to consist of several vitamins. The prin- 
cipal ones from the standpoint of pouluy nutrition are thiamin (Bj), ribo- 
flavin (Bj or G), pantothenic acid, and vitamin Bij. 

Thiamin (B,), also known as the antineuritic vitamin, has been prepared 
synthetically in the laboratory. The empirical formula is CioHjgN^CUSO. 
Vitamin Bj is soluble in water and destroyed by heat in alkaline solution. 
It cannot be synthesized or teadily stored in the animal body. Therefore, it 
must be supplied in the ration. 

Vitamin is manufactured by plants and stored principally in the germs 
of the seeds. 

Vitamin B, appears to play a role in the metabolism of every living cell 
in plants and animals. It is necessary for appetite, digestion, growth, egg 
production, hatchability, prevention of bacterial intestinal infeaion, and the 
prevention of nert'e disorders. Polyneuritis is a specific nerve i nfl am m ation 
and paralysis of pouhr)’ resulting from a deficiency of vitamin B^ in the 
ration. 

Whole grains, wheat by-produas, green grasses, alfalfa meal, milk by- 
produas, glandular tissues, and yeast are good sources of vitamin B,. Since 
this vitamin is so w-idcly distributed in poultry feedstuffs, there is not much 
danger of a deficienc)’ of it In poultry’ rations. 

Vitamin Bj values arc expressed in Intcrrutional units. One unit is equiva- 
lent to 3 micrograms or 3 millionths of a gram of pure crystalline Bj for 
growth of rats. ' 
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Vitamin C Vitamin C is also known as ascorbic or cevitaimc acii ^ 
is needed by guinea pigs, monkeys, and human beings, and must be supp 
in their rations. Poultry, swine, and cattle make their own vitamin an 


not need to have it supplied in their r 
nin C will be omitted here. 


!. Therefore, a discussion of vita- 

Vitamin D. The discovery of vitamin D and its use, in form of 
liver oil, for the control of rickets in poultry' has revolutionized the po ^ 
industry during the past menty-five years. It has made it possible to 
poultry indoors and at all seasons of the year. _ . ^ 

G)mpounds of plant and animal origin may be made to possess vitamin 
properties by irradiation with sunlight or ultraviolet light. 

Cholesterol is a sterol found in the skin and other tissues of animals. po° 
exposure to sunlight or ultraviolet light, this sterol is activated to o ^ 
vitamin D. It is known as activated T-dehydro-dioIesterol or vitamin D 3 . ^ 
is the form of vitamin D that predominates in animal and fish oils. 

Ergosterol is a sterol found in plants, especially the fungus, ergot, sn 
ycist. Upon irradiation by means of ultraviolet light, it assumes strong vita 
min D properties. Concentrated products of irradiated ergosterol are so 
under the name of viosterol, calciferol, or vitamin Dj. It is satisfactory 
four-footed animals but not very good for poultry. 

Vitamin D products are closely rebted to fats and are associated w’ith th^ 
They are soluble in fat solvents. Vitamin D is fairly resistant against ^ 
struaion by heat or oxidation. Vitamin D eaten in the ration may be storeo 
in the body and in the egg. 

Vitamin D b necessary for normal mineral assimibtion. It prevents rickcB 
(p. 348) and crooked breastbones in growing chickens. These bone ab- 
normalities are charaaerized by poor calcification (Fig. 141) and low asb 
content. Vitamin D b also necessary for egg production, normal shell 
and hatchability. If the hen has not stored a sufficient amount of vitamin 
in the egg, the embryo will develop normally during the first week or so 
and then die because of inability to assemble calcium and phosphorus fo^ 
skeleton formation. 

’The vitamin D factor nuy be supplied by fish oils, bradiated yeast, and 
irradiated ergosterol. It may be produced in animab by exposure to sunlight 
or ultraviolet light. ' ^ 

Vitamin D is determined by biological feeding tests with rats and chickens- 
The International unit b the calcifying aaivity of .025 micrograms ot 


calciferol for the rat. 


idard 


The USP unit is identical with the International untr, but as a swndJ 
of refermee, a cod liver oil b used that has been carefully standardise 
against the international standard calciferol 

ICU. (International Chick Unit) of vitamin D b ‘he 
aoum depositing efficiency for the chick of a U5.P. unit of 

TuT'” ^ that are to be fed to chickens should ^ 

iC 5 .cd on chicb rather than with rats. These two species of animab do 
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not respond alike to ail vitamin D products. For instance, an International 
unit of cod liver oil is several times as potent as a unit of calciferol for the 
chick. 

Vitamin E. Vitamin E is a solid alcohol known as tocopherol. It is soluble 
in fat solvents and found in the nonsaponifiable fraction of the fat extraa. 
As it occurs naturally in feedstuffs, it is fairly resistant against heat and 
oxidation. 

Vitamin E is necessary for reproduction and the prevention of muscle 
degeneration. Embryos die during the first day or so as a result of disinte- 
gration of the circulatory system when vitamin E is lacking in the ration and 
subsequently in the egg. There are also abnormal cell proliferation and 
hemorrhage in young embryos as a result of vitamin E deficiency. The testes 
in males undergo degeneration when the birds are deprived of vitamin E for 
several months. A deficiency of vitamin E or the presence of rancid fats, 
which destroys it, results in nutritional encephalomalacia (p. 348) . 

Vitamin E is widely distributed in poultry feedstuffs. Poultry rations will 
generally contain ample quantities of it. The oil from germs of grains, espe- 
cially wheat germ oil, wheat by-products, grains, green grass, and alfalfa meal 
are good sources of vitamin E. 

The presence of vitamin E in feedstuffs may be determined by feeding 
different amounts of them to rats on vitamin E-free rations and observing 
their ability to produce living young. 

Kibofiavin. Ribofiavin has also been known as vitamin Bo, G, or the 
growth vitamin. It has been produced in pure, yellow orange, crystalline 
form from egg white, milk, and other plant and animal sources. In solu- 
tion, riboflavin has a greenish-yellow fluorescence. Its empirical formula is 
C^HooN^Op,. Riboflavin is stable at temperanires at which Bj is destroyed. 
It is water soluble, gradually destroyed by light, and easily destroyed at high 
temperatures in the presence of alkali. 

Riboflavin is stored in the white of the egg for the development of the 
chick embryo. It gives the albumen its slight greenish-yellow opalescence. 

Riboflavin is essential for cellular oxidations. It is necessary for growth 
and hatchability. A deficiency of vitamin G in the egg results in early embryo 
mortality. It is abo necessary for preservation of health of peripheral nerves 
and the prevention of the acute neuromalacia and the less acute "curled toe 
paralysis.” 

Sources of riboflavin for poultry are milk whey, yeast, liver meal, alfalfa 
meal, and green grass. Additional sources are given in Table 3, Appendix. 

Riboflavin content of feedstuffs is determined biologically with rats and 
chickens, and chemically by measuring the fluorescence in concentrated ex- 
tracts. It may also be determined by microbiological methods. 

In the chick method, the chicks are placed on a vitamin G-free ration 
until they cease growing, then graduated amounts of the product under test 
are fed to different lots. The Cornell chick unit of vitamin G is the growth- 
promoting activit)' of .001 milligram of flavine. 
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Vitamia (APF factor). This is one of the B-compIex ^ 

was first found in animal tissue and excreta. Hence, the name 
faaor (APF). It is now known that vitamin Bi- and othet as y® ^ 

fied factors may be synthesized by a number of , cnurces 

is necessary for growth, normal feathering, and hatchability. rmultrv 

are fish produas, packing house by-products, animal feces, us p« 
house litter, yeast, and microbiological fermentation products. 

Vitamin K. Vitamin K is also known as the antihemorrhagic vi 
It is a fat-soluble product which was first extracted from alfalfa. It as 
been prepared synthetically. Vitamin K is a naphtho-quinone. It is estroy 
by oxidation, sunlight, and strong alkalis or acids. , 

Vitamin K is necessary for the normal clotting of blood. A deficien^ ^ 
the vitamin results in internal, subcutaneous and intramuscular hemorr ag 
and delayed clotting time of the blood. It also results in bleeding “O® 
pinfeathers, internal hemorrhage, and greater loss of blood resulting *t 


cannibalism. 

Vitamin K is found in green grass, alfalfa meal, fish meal, and meat ^ 
Choline. This vitamin is a constituent of complex fats. It is nsed 
growth, normal bone development, fat metabolism, egg produaion, and 
prevention of petosis (p. 349). Liver meal, fish meal, yeast, wheat 8*^^ 
soybean meal, tankage, meat scraps, and distillers’ solubles are good sources 


of choline. 

Pantothenic acid. This member of the B*complex vitamins is necess^ 
for growth, good feathering, and hatchability. It prevents a chick dertna^ttis 
(p. 346) and maintains a normal condition of certain nerves. Good sources 
of pantothenic acid are yeast, liver, peanuts, milk products, alfalfa meal, 
grass, and distillers’ solubles. Some is present in all grains and seed pro® 
uas. A commercial source is calcium pantothenate. 

Biotin. This vitamin is necessary for growth, hatchability, and the 
vention of a type of perosis and dermatitis. Liver and gland meals, 
grains, cane molasses, grass, and alfalfa meal are good sources of biotin. 

Pytidoxine (Br). This member of the B-complex vitamins is necessary fo^ 
appetite, growth, utilization of cenain fats, and the prevention of convulsions. 
It is present in grains, milk, fish products, yeast, and distillers’ solubles. 

Niacin (nicotinic acid). This is one of the water-soluble vitamins. P 
is neccs^ for growth, good feathering, and maintaining a normal condit^ 
of the lining of the upper portion of the alimentary tract. It is synthesi^ 
by the chicken but possibly not rapidly enough from certain rations which 
promote rapid growth. Good sources are liver, yeast bran, middlings, and 
milk. ' 


Inositol. This v,-atcr-soluWc vitamin is found in neatly all plant and animal 
tiMue. including the egg and chick. The chick may be ^le to synthesize this 
vitamin from the ration. 


Folic acid (B,). This vttaoain is necessary for prorr'th, the normal il' 
vclopment of fathers, and prevenrion of a type of anemia in chicks. I' 
found in most of the fcedsmffs conunonly fed to poultry. 
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Other vitamins. Other vitamins that have been found necessary for the 
chick include the whey factor, an unknown fish meal faaor, factors found in 
yeast, and microbiological fermentation products. 

Antibiotics 

Antibiotics are specific chemical agents produced by microorganisms such 
as yeasts, molds, and bacteria. They are used to combat infection either by 
prevention or curative procedures. 

Antibiotics, in small amounts (2 to 10 grams per ton), are used to stimu- 
late early growth of poultry and swine, especially when the animals are not 
kept in a germ-free or clean environment. Since they stimulate growth rate, 
they produce increased feed efficiency. 

A dozen or more antibiotics have been discovered since about 1940. They 
include penicillin, bacitracin, streptomycin, chloromycetin, aureomycin, terra- 
mycin, tyrothrycin, polymixin, neomycin and rimocidin. The search is still 
on for more specific, potent and economical antibiotics. The two most widely 
tised antibiotics in poultry rations are aureomycin and penicillin. 

Aureomycin (ChlortecracycUne). This antibiotic is low in toxicity, has 
good penetrating power, and is effective against a great many diseases caused 
by gram negative and positive bacteria virus« and rickettsias. It has recently 
been advocated as a final rinse for ready-to-cook poultry in processing plants, 
since it is effective against spoilage baaeria and not "used up” as quickly as 
chlorine. Aureomycin is generally fed at a level of 5 to 10 grams per ton of 
feed as a growth stimulant in poultry rations. For prevention and treatment 
of infections it may be fed at a level of 50 to 200 grams per ton. 

Penicillin (Procaine penicillin). This antibiotic is the least toxic and 
most generally used of the antibiotics, for prevention and treatment of dis- 
eases of man. It is especially effective against gram-positive and a few gram- 
negarive hactezia. The procaine peniciWin salt is used in chidcen and turkey 
starting rations at low levels ( 2 to 5 grams per ton ) for promotion of growth 
and improvement of feed efficiency. 

Metabolism 

Metabolism is here used to designate all of the processes undergone by a 
food from the time it enters until it leaves the body. 

Digestion 

Digestion is the disintegration of feedstuffs into simple nutrients in the 
intestinal tract for absorption and use by the body tissues. It involves a series 
of mechanical and chemical processes and is influenced by many factors. 

Feed intake and storage. The feed is picked up with the beak and swal- 
lowed. It is stored in the crop (Fig. 28) until it can be ground and mixed 
with digestive juice from the glandular stomach. 
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It is a common belief that haxd insoluble grit is necessary, or at least 
sirable, in the gizzard for the grinding process. Experimental data are co^ 
dieting on this point. In fact, the presence of hard insoluble grit and 
material in the gizzard may take up valuable space and interfere wit t e 
grinding process and the passage of the ground feed. _ . 

Digestion of carbohydrates. As the ground feed passes from the giz^ 
into the duodenal loop, pancreatic juice is secreted from the pancreas into 
this region of the intestinal tract. At the same time, alkaline bile salts, pi^ 
duced in the liver and stored in the gall bladder, are also secreted into e 
duodenal loop. The bile salts neutralize the ju:idiry of the intestinal contents 
in this region of the intestine and produce an alkalinity. Three digestive eri 
zymes ate secreted in the pancreatic juice. One of these is amylase, wni 
breaks starch down into disaccharides or complex sugars. As the food passes 
along into the small intestine, sucrase and other sugar-splitting enzymes, 
secreted in this region, further hydrolize or digest the compound sugars into 
simple sugars, chiefly glucose. Simple sugars are the end products of the 
digestion of carbohydrates. 

Starches and sugars are easily digest^ by poultry, while the ]^nto»m 
and crude fiber are poorly digested (Table 4, Appenduc). The intestin^ 
tract in the chicken b so short and the passage of food through it b so rapt®, 
that bacteria have little time to work on the complex carbohydrates. 

Digestion of fats. The bile salts from the liver emubify the fats in the 
duodenal loop. They are then acted upon by an enzyme, lipase, a produ« 
of the pancreatic juice. The fats ate digested or broken down into fatty acids 
and glycerol. These ate the end products of fat digestion. 

Fats ate not very palatable or easily digested by poultry. 

Digestion of proteins. While the feed b being ground and mixed in 
gizzard, the pepsin-hydrochloric acid mixture breaks some of the proteins 
down into less complex fractions as proteoses and peptones. 

While fats and carbohydrates are being digested in the duodenal 
trypsin from the pancreatic juice breaks down some of the proteoses and 
peptones into still simpler products — amino acids. Erepsin, secreted in 
srrull intestine, completes the digestion of protein split products into amino 
acids. These are the end products of protein digestion. 

Digestion o( minerals and vitamins. Minerals are dissolved rather ito” 
digested. Many of them change from the solid to the liquid form in 
gizmrd. Oyster shell and Itmrstone grit, fot example, ate dbsolved in this 
region. ^ 


The digmtion and metabolism of vitamins in the body ate not well un- 
detstood atotene, the piecutsot of vitamin A, is ttamfotmed into ttnr 
^ '?!;■ T!!! ““”"'>™tes vitamin C from digested ferJ 

fta^ents, m the body. Cholesterol in the skin is translotmed into vitami" 
D by exposure to sunlight ot ultraviolet light. 

fofl,^°L‘'i!^'i°"‘ “ "PW i" »>= chicken. The time requiretj 

fot food to pass from the mouth to the cloaca is about two and one-haH 
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hours in a laying hen. The rate of passage is much slower (eight to twelve 
hours) in birds out of production. 

Absorption and Assimilation 

Absorption of nutrients. The digested nutrients pass through the in- 
testinal wall into the blood stream. Most of the absorption takes place from 
the small intestine. The surface for absorption is greatly increased by the 
presence of innumerable villi or 6nger-likc projections. These villi, which 
give the mucous membrane a velvety appearance, projea toward the center 
of the lumen and thus come in intimate contact with the fluid contents. 

Within each villus is a lacteal, or drainage tube of the lymphatic system, 
and a network of capillaries of the blood system. 

Digested nutrients in the form of simple sugars, amino acids, and dissolved 
minerals pass through the wall surface into the blood capillaries. The method 
or methods by which the materials pass through the intestinal wall are not 
well understood. 

Digested fats pass through the intestinal wall into the lacteals of the 
lymphatic system. Here again, they form neutral fats. The fats in the lymph 
are more like body fat than like that of the feed eaten. The fats pass along 
with the lymph and enter the venous blood stream near the heart. 

Transfer of nutrients. The digested nutrients, entering the blood stream 
by way of the capillaries in the intestinal wall, are collected in the portal 
vein. It transports blood and the absorbed food nutrients to the liver, on 
their way to the heart. 

As the digested nutrients pass through the capillaries of the liver, most 
of the glucose Is transformed into glycogen (p. 247) for storage in the liver 
and muscles. Some amino acids and nitrogenous products of tissue metabolism 
are de-amized as they pass through the liver. The carbohydrate fractions are 
made available for heat and energy purposes and the nitrogenous fractions 
are transported to the kidneys for elimination. The liver also removes some 
of the fat from the blood stream for storage. This accounts for the pale yellow 
livers in fat birds and newly hatched chicks. Many impurities absorbed from 
the intestinal traa into the blood stream are retained by the liver cells as 
the blood passes through its capillaries. In case of absorbed poisons, a high 
concentration of them is usually found in the liver. 

The blood, carrying the digested nutrients, passes from the liver by way 
of the hepatic and postcaval veins to the heart. It passes from the heart to 
the lungs, where carbon dioxide and w-ater are given off and oxygen is taken 
in. The blood is returned from the lungs to the heart, and is then pumped 
out through the arteries to all of the tissues of the body. 

The digested nutrients pass from the capillaries to the lymph which bathes 
the tissue cells. The lymph ser^’es as a medium of exchange bcnveen the 
capIUattes and the tissue cells. It carries digested food to the cells and waste 
products from them. 
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The assimilation of nutrients. Glucose is burned in the cells for hwt 


and energy production, the end products being heat or energy% 


y, carbon di- 
oxide, and water. The process may be represented by means 
equation, thus; 

CcHiaOg -f 60, = A + 6 CO 2 + 

Glucose Oxygen Heal 


Carbon 

dioxide 


6H2O 

Water 


An excess of digested carbohydrates, over and above that stored as g y®* 
gen, b transformed into body and egg fat. 

Pats are gradually removed from the blood stream and stored « adipose 
tissue mainly, under the skin in the abdominal region, along the intestines* 
and in the egg. They ser\’e as a rcser\'e supply of heat and energy. Id 
of inadequate food supply, as soon as the glycogen is used up, the fats ^ 
burned with the same end products as formed by the burning of cat 
hydrates. As long as fats are present, the proteins are protected from con 
sumption. , 

Amino acids, absorbed into the blood stream, are used to build new body 
tissues, rebuild worn.out tissue, and to form the white and much of the yo 
of eggs. Excess amino acids may be used for heat and energy purposes or 
transformed into fats. 

The carbohydrates and fats are preferable to proteins for the production 
of heat and energy because they are cheaper. Their digestion and metabolbffl, 
includlag the excretion of the resulting waste products, require less work on 
the part of the body than is required by protein food. Experiments show ttat 
carbohydrates are more efficient protein sparers than fats, even though the 
laner have a greater energy content. 

Minerals absorbed into the blood stream are transformed into bone, pD^ 
into the shell and yolk of the egg, and used in the blood. There b also some 
storage of excess minerab taken into the body. 

Vitamins are stored in the liver and m the egg, and to a lesser extent in 
other tbsues of the body There appears to be greater storage of the f^^' 
soluble than of the water-soluble vitamins. 

Energy Production and Metabolism 

Ener^ b required for all of the body processes, such as digestion, assimib' 
tion of food, elimination of waste products, the heart beat, respiration, body 
maintenance of body temperature. It is supplied by the feed 

Gross energy. The gross energy value of any feedstuff for the animal de- 
^nds on the amount of energy that it will furnbh when burned. It b de- 
rermined by burning a weighed sample in pure oxygen gas under pressure 
in an appara^ known as a calorimeter. The heat given off b uken up by wa- 
ter surrounding the combustion chamber and b measured with an exceedingly 
accurate thermometer. 
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The unit of measurement employed in measuring heat and energy is the 
calorie (c) . It is the amount of heat required to raise a gram of water 1® C. 
A large calorie (C) is equivalent to 1000 small calories (c). A therm (T) 
is 1000 large calories. 

The gross energy of one hundred pounds of various substances when 


burned is as follows: 

Therm* 

Corn meal 180.3 

Linseed meal 210.3 

Pure digestible protein 263.1 

Pure digestible carbohydrates ......... 186.0 

Pure digestible fat 422.0 


Digestible protein yields considerably more heat than a similar weight of 
carbohydrates. Fat yields more than twice as much energy as a similar weight 
of carbohydrates. 

Available energy. The available energy of a feed is the gross energy minus 
the energy lost in the feces, urine, and combustible gases. It is determined by 
placing the animal in an apparatus known as a respiration calorimeter (Fig. 
130), and keeping records of the feed eaten and of the feces, urine, and 
combustible gases given off. The gross energy of samples of the products are 
determined and from them the available energy Is calculated. 

Net energy. The net energy of a feed is the available energy minus the 
energy lost in the work of digestion. The work of digestion includes the 
energy required for grinding in the gizzard, intestinal contractions for moving 
the food, secretion of digestive juices, and increased work of the heart and 
lungs resulting from these processes. 

All of the energy consumed in the processes takes the form of heat, and 
helps to warm the body. It cannot be used for other body purposes, because 
the body has no means of converting heat into other forms of energy. 

In addition to the losses of energy due to the actual work of grinding, mix- 
ing, digestion, and assimilation of food, a further loss occurs through the 
speeding up of general metabolism in the body, which always follows the 
consumption of food. It has been found that the rate of metabolism is at once 
Increased when nutrients are absorbed from the digestive tract following a 
meal. As a result, more heat is produced. This additional production of heat 
is sometimes called the "specific dynamic effect" of the food nutrients. 

Tlte net energy of a feed is used first of all to meet daily maintenance needs. 
These include the work of the heart, lungs, and other organs, as well as work 
done by the muscles in producing body movements. Any surplus of net 
energy may be used for growth, fattening, or egg production. 

Basal heat production. The heat produced by an inactive fasting animal 
is known as the basal heat production. By measuring the oxygen consumption 
and the carbon dioxide elimination, it is possible to estimate the basal heat 
produaion and to determine the kind of tissue being oxidized. 

The volume of carbon dioxide produced divided by the volume of oxy’gen 
consumed is known as the respirator)' quotient (R.Q.). The respirator)' 
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C«U«TI1T H H ■irCMIll, Of UllBOlt 


Fig. 130. An apparatus g$«c! fo tneotvr* th« eiygtn e»n»vmpt1»n ond torbon itoxM* ond 
h«at production of a bird. T>io bird U conftnod in Iho cbembor el the right. Th# oir » 
drawn through ehomlcol ogents boforo ond oftor It losyet Iho thombor In order to eh*6tb 
vorlout constituents. The volume of ctr it meotvred by the olr meter ot the left. 


quotient of arbohydrates U 1 (p. 247), fats .7, and proteins between .7 and 1. 
The determination of the respiratory quotient and basal heat produaion are 
smdying nutritive requirements and in the diagnosis of disease. 

The critical temperature. The critical temperature is the environmental 
temperamre below which the heat produced by the normal body processes 
IS no longer sufficient to maintain the normal body temperature. When the 
environmcnml temperature drops below the critical temperature of the bird. 
It inust use food primarily for the production of body heat. In the absence of 
food, « must cKidire body tissues for this purpose. Experiments conducted 
at the Illinois Apiwltura! Experiment Station have shown that the critical 
temperature of the maaive fasting hen b 62* F. If the hen is in production. 

^ “ ftee to move about, the critical lempct^- 

ture IS lowered to 15° F. ^ * 


tivc food, inretinal bacteria, dig« 

sulti^fiombodymetaWilS" 

Some of the onab»rbed and undigeated contents of the small intestine 
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back up into the ceca. A little absorption may take place here. The ceca con- 
tract and force the material out into the large intestine about once a day. As 
the undigested food passes along through the large intestine, some of the 
water is reabsorbed into the body circulation. The undigested material is 
voided from the large intestine into the cloaca and from it to the outside of 
the body as feces. 

The mixture of feces and urine voided by birds is known as manure. It con- 
tains about 1.44 per cent nitrogen, .99 per cent phosphoric acid, and .39 per 
cent potash. A hen will produce about forty-three pounds of manure a year. 
It is of considerable importance as a fertilizer. 

The urine. The urine consists mainly of nitrogenous waste products and 
water resulting from body metabolism processes. 

Liquid waste products pass out of the blood stream into the kidney tubules 
as the blood passes through the capillaries of the kidneys. The material passes 
from the kidney through the ureters to the cloaca, where it is excreted into 
the cloaca as urine. As the liquid urine passes along through the ureters, 
in the region of the large intestine, much of the water in it is reabsorbed into 
the body circulation. The urine is generally a white pasty material which is 
mixed with, and coats, the droppings. 

About 65 per cent of the urinary nitrogen excreted by birds exists in the 
form of uric acid. Other constituents Include purine nitrogen, 9.6 per cent; 
urea, 6.5; ammonia, 7.5; creatine, 4.5; and allantoin, 3.8. 

A hen probably secretes 700 to 800 cc of liquid urine from the kidneys 
every twenty-four hours. Much of the water is reabsorbed so that very little 
liquid urine is eliminated from the body. 

Carbon dioxide and water elimination by respiration. A five-pound 
hen will exhale about fifty-two liters of carbon dioxide every twenty-four 
hours. This will vary greatly, depending upon the activity and egg production 
of the bird. 

The water elimination of a hen per day is about .37 pounds by way of the 
excreta and .09 by way of the lungs. This also will vary within wide limits, 
depending upon the temperature, activity of the bird, kind of ration fed, and 
the rate of production. 

Determination of the Value of Feeds 

There are several methods used for judging the value of feeds. These in- 
clude chemical and microscopic analpis. digestibility, energy value, and 
biological value for grow'th and reproduaion. 

Chemical analysis of feeds. Chemical anai}'sis of feedsruffs and rations 
has been used for many years to measure their fexxi value. It gives the amounts 
of the different groups of nutrients present. Chemical analysis of feeds aids 
in judging their food value. However, it is by no means the final answer. 

The usual chemical anabasis of feeds includes moisture, crude protein, 
ether extraa (fat), crude fiber, and ash. 

The crude protein analysis gives the amount of nitrogen present in a feed 
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and indiiraly the crude protein (p. 249). It does not show the 
the protein or the kinds and amounts of essential amino acids present. J 
a chain is no stronger than its weakest link, a protein feed is no b«tef t a 
the smallest amount of an essential amino acid which it contains. 
crude protein content of a feed does not give much information regar^ ^ 

protein value. The feeding value of protein feedstufTs is now determtn ) 

nitrogen retention or growth studies (p- 267). , . 

The ether extract or crude fat analysis includes all of the substances so u 
in fat solvents (p. 248). Most state laws require a statement of the 
fat content. Some of the fatlike substances are unpalatable and pxxjrly digest 
while others become rancid and cause destruction of vitamins present in 
mixtures. It would probably be better for sure bws to specify the maxuntt® 
rather than the minimum fat content of feeds. •, 

The crude fiber analysis b of value ( p. 247 ) . Crude fiber is poorly digesteo- 
Very little fiber U utilized by animab. The contents of coarse, stemmy 
teriak, hulk, and other woody materiak are determined by crude fiber analysis- 
Ash or mineral analysis is of some value (p. 250). It gives the amount 
but not the kind of mineral elements present or the forms in which they 
exist. Mineral elements may be determined by chemical analysis. The ptp" 
cedures are often expensive and time-consuming. Specuographic analyst 
which b now being ul»d on an extensive scale, will probably gtwtly shorten 
the time required to determine the kinds and amounts of mineral elements 
ptesent in ash. , 

Chemical analysb is not a very satisfactory means of determining some o 
the vitamins present in a feed. Most of them are determined by feMmg 
with rats or chicks. 


Microscopic analysis of feeds. Microscopic analysb b of value in de- 
termining the presence of ingredients in mixtures. It may be used for 
ing claims made for the presence of ingredients m mixtures. It may ako be 
used to detect adulterants and foreign substances in feedstuffs and mixtures- 
Within certain lumts, microscopic analysis may be used to estimate the 
quantities of ingredients m mixtures. It is of little value in determining di' 
quali^ of ingrrfients or mixtures Two substances may have the same 
chemical analysb and look alike under the microscope, yet vary greatly m 
feeding value ^ 


Microscopic analysis b an aid and supplement to chemical analysis in de 


termmmg the value of a teed. Other deteimitiations need to be made. Cheimcd 
and microscopic analyses do not give the amino acid mineral element, and 
vitamin content; the palatability, digestibility, or value of the feed for iMi”' 
tenance, growth, egg produaion, fattening, or reproduction (hatchabiliT'" 
Biological analysis of feeds. Biological analysis of feeds involves feeding 
lesc with animak They may be made in the laboratory with small anin^k 
such as chicks or rats, or with larger animak and poultry flocks under practical 
farm conditions. Biological analyses include studies of palatability, digestion. 


e experiments, energy metabolbm, and effects of feeds on growth and 
uction. e’ 
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Palatability of feeds. Palatability is the first factor determining the 
biological value of a feed. If a feed is not consumed readily, it cannot be 
expected to produce good growth or production. Unpalatable feeds do not 
stimulate normal intestinal movements and secretion of digestive juices. 
They have a tendency to remain in the crop longer than palatable ones. 

A bird probably chooses food by sight and touch more than by smell and 
taste. Whole grains are more palatable than finely ground ones. Wheat is 
more palatable than the other cereal grains. Coarsely ground mash is pre- 
ferred to finely ground material. Freshly ground grains are more palatable than 
stale ground grains. Moist mash is more palatable than dry mash. Animal 
protein feedstufis, such as milk, meat scraps, and fish meal are eaten more 
readily than vegetable protein feedstuffs, such as soybean, cottonseed, and 
linseed meals. 

Digestibility of feeds. Feeds must be digested before they can enter the 
blood stream and be transported to the tissues. Furthermore, the tissue cells 
can utilize nutrients only in the form of the simple end products of digestion 
(p.258). 

Methods of determining digestibility of feeds with chickens differ greatly. 
The difference between the amount of a nutrient eaten in a given time and 
the amount of it excreted in the feces is regarded as its digestibility. This is 
always subjea to some error, more so in the case of some nutrients than others. 
In the case of crude protein, for instance, the feces contain, in addition to un- 
digested protein from the feed eaten, some crude protein resulting from 
wear and tear of the intestinal lining, digestive enzymes, and intestinal 
baaeria. The crude protein should not be considered as indigestible. In the 
case of birds, a still greater source of error is encountered. The urine and 
feces are excreted together. The crude protein in the urine has been digested. 
It results from the breakdown of protein material in body processes. Troubles 
are encountered in separating the urine and feces in digestion trials with 
poultry. 

One method of separating urine and feces for digestion studies has been 
to operate on the bird and divert the urine from the ureters out through 
cannulae before it reaches the cloaca and becomes mixed with the feces. 
This creates an abnormal metabolism. 

Another method of separating urine and feces for digestion trials is the 
use of a solvent for the urinary constituents. This separation is subject to 
ctrot because it is impossible to dissolve out all of the utinar)’ constituents 
without dissolving part of the fecal material. 

The coefficient of digestibility is the percentage of a feed or nutrient con- 
sumed that is digested. For example, if 100 grams of corn are consumed and 
10 grams are excreted by way of the feces, the amount digested is 100 — 10, 
or 90 grams. This amounts to 90 ^ 100, or .9 digested; or in terms of per- 
centage, .9 X 100 = 90, or 90 per cent is the coefficient of digestibilit)’. 

The digestibilit)' of each nuiitent is figured separately. They are then 
totaled in order to get the total digestibilit)’ of the feedstuff. To calculate 
the digestibility of a mash feed, determine the number of pounds of di- 
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gestible nutrients in the quantity of each fectlstuff used and then total the 
feedstuffs and their digestible nutrients. ^ , 

The digestibility of nutrients in some poultry feedstuffs tested with chick- 
ens is given in Table 4, Appendix. 

The nutritive ratio of a feedstuff or ration is the relationship betw'een c 
digestible energy and tissue-building portions of the material It may be ex 
pressed by the following formula: 

digestible carbohydrates -1- dig estible fat X 2.2$ 
digestible crude protein 


The digestible fat is multiplied by 2.25 because it produces 2.25 timtt^^ 
much heat and energy as an equal weight of carbohydrates. The nutritive 
ratio of most poultry rations saties from about 1:3 to 1:5, which means that 
the energy part of the ration is three to five times that of the tissue-building 
part. The 1 : 3 ration would be called narrow, and the 1 : 5 would be wide. 

Factors influencing digestibility of feeds are important. Young and healt^ 
animals digest feed better than old or sick animals. A given quantity of fe«“ 
fed in small amounts at a time is digested more e£6ciently than when fed at 
one time. Animal feedstuffs are generally digested better than plant feed- 
stuffs because they do not contain fiber, which must be disintegrated so that 
the digestive juices can attack the nutrients. High temperature used in 
processing and drying of certain feedstuffs generally reduces their digestibility* 
Combinations of fee^tuffs fed in a mixture influence the digestibility of each 
of the ingredients. For instance, feeding a mbcture of milk and corn resulo 
in better digestibility of the corn than when it is fed alone. It is believed 
that certain feedstuffs — milk, for instance — create a more favorable environ- 
ment for useful intestinal bacteria. These, in turn, bring about more com* 
plete digestion of the feed. 

Retention value of feeds. The value of feeds is sometimes measured by 
balance experiments. Records are kept of the intake and outgo of certain 
elements during a definite period of time. For instance, the biological value 
of proteins for growth of chickens has been measured by nitrogen balance 
^timents (Fig. 131 ). The test periods are generally of short duration. They 
do not measure the value of the feed for extended periods of crowth or for 
reproduction and health. ^ ® 


Energy value of feeds. There are other losses that must be taken intn con- 
sidetatton, in addition to feed that U not digested. These include the energy 
lost m gttndmg and mhiing, digestion, and absorption. Various types of 
'■^Piratitm calorimeters have been designed to 
^re these losses (F,g. 130). The more complete type of respirarion ap 
£3^ r “ "hich the animal U placed. This is 

j' “f T"”® •ooving it can be 

fully weighed andtm^ytS* 

The amount of carbon and nitrogen stored or lost can be measured. From 
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Ftg. 131. Cage uted in nilrog«n-bc(anc« experiment} with feeder ipecioll/ designed to pre- 
vent wastage. 


this information, the amounts of body protein and fat that have been stored 
or lost can be computed, and likewise the gain or loss in energy. 

Limitations of net energy values are worthy of note. The net energy value 
of a feed does not measure its value for maintenance. For instance, roughages 
have low net energy values. They are much better for the produaion of body 
heat than for the production of fat. 

Net energy values are far more expensive to determine than total digestible 
nutrients. Tlie latter give a fair idea of the value of a feed for heat produaion. 

The net energy values differ with different species of animals. For instance, 
studies at the University of Illinois have shown that the net energy value of 
corn grain for chickens is 128.5 therms per 100 pounds. This is 52 per cent 
higher than the net energy value of the same grain for fattening cattle. 

The net energy values of feeds are higher when scantily fed than when 
fed liberally. 

A deficienc}’ of vitamins and certain amino acids in a ration reduces its 
net energy value. 

Growth value of feeds. The value of a feed as determined by growth 
studies shows what a feed w’ill do. This Is often measured in the laboratory 
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by feeding tests with rats 
and chicks. Tests made 
with rats give an indica- 
tion of results that may 
be expeaed when the 
feed is fed to other ani- 
mals. Final tests ne^ «> 
be made with the animals 
for which the feed is in- 
tended. Different species 
of animals do not alwajs 
respond the same when 
fed the same ration. For 
instance, the chick an 
the rat do not need vita- 
min C, while some farm 
animals and man ne^ 
Another ilustration is the 
difference between the 
U.S.P. and A.Oj^.C vita- 
min D units of some vi- 
tamin D products fot 
chicks and rats. Fortu- 
nately, when feeds are tested on checks, the results are of direct value. 

*^6 number of chicks required per lot to show growth differences in two 
feeds will depend on the differences to be shown. Where there is quite a 
noticeable difference in feeds, twenty or twenty-five chicks are sufficient. 
W^re there is very little difference many more chicks are required. 

The length of the feeding trial for growth studies of chicks is usually eight 
weeks. Almost all nutritional troubles wiff show up in this length of time. 
Tests have shown that differences in lots of chicks at four weeks of age 
remain so at eight and sixteen weeks. Birds are more sensitive to growth 
factors m feeds early m life than later on. 

The age of the chtek infiuences the rate of growth. There is an early period 
of increasing rate of growth (,he first eight to twelve weeks) and a later 
period o decreasing rate (fig. 152), i( inhibited by 1°” 

prottin levels or other causes, the later groS^ih rate will be greater than 

rhJIr “/ comumed is another important faaor governing 

the rare of growth The older rhe bird during the growing period, L greater 
for mainfenanceTd the sma&r the 
to r aorceeding 1000 grams of 

feed eatery by young chictetB results in about 9 per cent decrease in thr 

of the eaperimenr to produce any given average live weight from 200 to 
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Fig. 133. Weight of ehicki (Rock-Red erot$) and feed contumplion. Solid lines, the interval 
studied; broken lines are extrapolations. (Titus, Jwll, and Hendricks, 1934.) 


2200 grams, may also be read from the graph. Titus and Hendricks have 
shown that the rate of growth is more a function of food intake than time 
when birds are fed good rations. They could predict the live weight better 
than the age of chicks any time during the first six weeks by knowing the 
amount of feed consumed. 

The protein level of the ration influences the rate of growth of chicks. 
Birds fed a high protein ration make faster earlier growth than those fed 
a low protein ration (Fig. 134). Those fed a low protein ration make faster 
growth later in life. 

The vitamin content of the ration, especially riboflavin and B ,2 influence 
the rate of growth. 

These and other factors will be discussed under nutritive requirements for 
maintenance, growth, and finishing poultry. 

Reproduction value of feeds. The final test of the value of a feed is its 
efficiency for growth and leptoduction through succeeding generations. 
If growth, health, and reproduaion are normal through one generation, they 
will generally remain so during succeeding generations. 

In the case of poultry, it takes a better feed to produce hatchable eggs than 
merely to produce eggs. This is to be expected since the hen must store all 
the nutrients for the development of the embrj’o in the egg. If an inadequate 
supply is stored, the embr }'0 will de\'elop for a time and then die. 

Some feeds are satisfactory for maintenance but not for growth or egg 
production. Others are satisfactor)' for growth and egg produaion but not for 
lutchability. However, a feed that produces good hat^abilitj’ is satisfaaor)' 
for maintenance, grow'th, and egg produaion. 
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The Nutritive Requirements of Poultry 


The nutritive requirements of poultry vary with the purpose for w 
birds are fed. They include the requirements for maintenance, growth, egg 
production, hatchability, and fattening. , , 

Nutritive requirements for maintenance. Needs of an anima 
maintaining body functions, body temperamre, and repair of tissues m 
be provided before growth, production, fattening, or reproduction 
place. The requirements for maintenance and any one of these other d 
tions are generally listed together. It is not often that poultry are 
maintained for any length of time without some specific object in 
such as growth or reproduction. Exceptions are male chickerts and 1 
breeders which may be fed maintertance rations between breeding 
Setting hens are also fed maintenance ratiorts while incubating eggs and nr 
ing chicks. 

Energy needs /or maintenance include those for maintaining body tc® 
perature and essential body aaivities. The temperature of the body 
chicken must be maintained near 107*^ F. for normal funaioning of the body 
activities. Heat resulting from the heart beat, respiration, digestion, 
body movements is used for this purpose. When the heat from these sources 
insufficient to maintain the normal body temperature, the animal will eat a 
ditional food for heat production. In the absence of ftxxl, the body will oxidia® 
its own tissues for this purpose. The lower the environmental temperature and 
the greater the body surface in proportion to body mass, the greater the 
loss from the body and consequently the more food required to maintain ibc 
body temperature. 

The energy from food required for maintaining body temperature an 
essential body activities amounts to about eight hundred calories per squa® 
meter of body surface per day. The basal heat production (p. 261) of nia!« 
is a little ^eatcr than that of females, while that of capons is considerably 
lower. It will vary with the environmental temperature of the bird. 

The critical temperature (p. 262) of the chick is 96° F. at hatching li®^’ 
A ses'cn-degrce decrease from the critical temperature results in about 15 ^ 
cent increase in metabolism. The critical temperature of the inactive fasting 
hen is 62° F. The greater the aaivity of the bird and the greater the affiou® 
of food eaten, the lov.er the critical temperature. The energy 
moderately aaive birds arc approximately 50 per cent creater than for basa 
heat produaion. 


The ptotan needs for masntenance are determined by measuring tU 
amount of nitrogen in urine of antmaU fed a nitrogen-free diet so design^ 
as to furnish all other nutrients in ample amounts. It is usually expressed if 
terms of millignms per kilogram of body weight. The endogenous nitrog« 
(that required for maintenance) amounts to about two milligrams per calot" 
of l>eat production. Ackerson and his assoebtes at the Nebraska Agfic«l®” 
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Experiment Station 
have shown that the 
nitrogen requirement 
of young birds is great- 
er per unit of weight 
than that of old birds. 

Males probably have a 
greater nitrogen re- 
quirement than females 
because of the greater 
basal heat production. 

Aaivity should not af- 
fect the nitrogen needs 
for maintenance as 
long as ample food en- 
ergy is used to meet 
the needs for the ac- 
tivity. 

The mineral needs 
for maintenance have 
not been studied so 
carefully as the energy 
and protein needs. The latter two are used up and the by-products excreted. 
Some of the minerals are used over again and small amounts are excreted 
when birds are kept on maintenance rations. When sufficient food is supplied 
to meet the energy and protein needs, it will generally contain sufficient min- 
eral elements to meet the mineral needs for maintenance. 

The vitamin needs for maintenance have not been carefully investigated. 
They are lower than for growth or produaion. Vitamins of the B complex 
(p. 253) are probably the most essential ones for maintenance. 

Nutritive requirements for growth. Growth is the elaboration of new 
tissues that make up the changes in weight, form, or composition of the 
animal. The rate of growth is determined by the inherent capacity for 
growth, the kind and amount of feed consumed, and the environment of the 
birds. The chicken grows more rapidly than other domestic animals, doubling 
its W’eight in about two weeks and increasing it by ten times in six w-eeks 
(Table 48). The absorbed yolk furnishes the first nutrients required by the 
newly hatched chick. It supplies the energy and other needs until the chick 
can move about and locate food. 

The energy needs for groivth include the energy required for maintenance, 
that required for aaivity, and the energy of the new tissue formed. On the 
basis of per unit of body weight, the energy’ represented by the growth of 
tissue decreases with age; but the amount of energy stored per unit of in- 
aeasc in body weight inaeases wdth age (Table 49). The average daily ex- 
penditure in muscular activity has been estimated to be 50 per cent of that 
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Fig. 134. Protein level and growth rate. A high protein ra- 
tion retulli in early rapid growth, while a lew protein ration 
results in later growth. The horizontol arrows represent 
changes In growth rotes while the verticol orrow* represent 
the opproxlmote age et which production begins. 
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Table 49 


NET-ENERGY REQUIREMENTS OF GROWING WHITE LEGHORN COCKERELS * 


Body 

Weight 

fPoUNDs) 

Net Ekerct (CatowEs) | 

EQUrVAtEKT 
Weight or Coaw 
(Geams) 

Maintenance 

Activity 

Growth 

Toul 

0.5 

37 

18 

15 

70 

25 

1.0 

55 

27 

19 

101 

36 

1.5 

59 

29 

21 

109 

39 

2.0 

72 

36 

21 

129 

46 

3.0 

94 

47 

19 

160 

57 

4.0 

114 

57 

14 

185 

66 

5.0 

133 

66 

10 

210 

75 


required for mairitenance. The equivalent weight of corn in Table 49 refers 
to the amount of corn required to meet the net energy requirements, assuming 
that the net energy value of corn is 280 calories per 100 grams. 

If the ration is composed of ingredients to supply adequate and economical 
sources of proteins, minerals, and vitamins, there will be no shortage of 
energy. 

The protein needs for growth are high, since the increase in weight of a 
growing animal is largely due to the increase in protein and water. The level 
of protein intake influences the amount of feed consumed, the efficiency of 
utilization of feed, the rate of growth, the maximum weight attained, and the 
time required to attain maximum weight (Table 50). As the protein of the 
diet increases from 13 to 21 per cent, there is a definite increase in the average 

' Table 50 

RELATIVE EFFECTS OF DIFFERENT LEVELS OF PROTEIN INTAKE ON THE 
GROWTH AND UTILIZATION OF FEED BY MALE CHICKENS * 


Level of 
Protein Inuke 

Efficiency ot 

Feed Utilization 

Mazimum Live 
Wciaht Attained 

Quantity of Feed 
Required for Attaiaiag 
Maiimum Weight 

Length of Time 
Required to Attain 
Mazimun Weight 

PtT Cm 

Ptr Ctnl 

Prr Cm 

Per Cent 

Per Cent 

13 

67.7 

97.6 

344.1 

119.9 

14 

80.6 

97.9 

121.3 

111.7 

15 

87.3 

98.2 

112.5 

107.8 

16 

91.5 

98.6 

107.7 

104.6 

17 

94.6 

98.9 

104.6 

102.6 

18 

97.2 

99.2 

102.1 

101.5 

19 

98.7 

99.5 

100.7 

101.0 

20 

99.7 

99.8 

lOO.l 

100.5 

21 

100.0 

100.0 

100.0 

100.0 

22 

97.9 

100.2 

102.3 

99.7 

23 

94.3 

100.4 

106.4 

99.5 

24 

90.2 

100.5 , 

111.4 

99.4 

25 

85.6 

100.6 

1I7.S 

99.2 


* Mitchell. Card, and Hamilton, I93X. 

= Tims. U. S. D. A. Yearbook, 1939, p. 813. 
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efficiency of the utilization of feed for growth; but as the protein inawses 
from 21 to 25 per cent, there is a rather sharp decrease in efficiency. The ^ 
indicate that the optimum level is probably between 20 and 21 per cent, c 
optimum level will vary with the quality of the protein, being somewhat ess 
for protein of high biological value. Protein levels above 13 per cent have 
little influence on the maximum weight attained. The time required to rea 
maximum weight is increased noticeably, as the protein level is decreased from 
21 to 13 per cent. . 

While the optimum level of protein intake from the physiological stan • 
point is about 21 per cent, the most economical level for most purposes u 
around 18 or 19 per cent. The efficiency of feed utilization at this level is on y 
slightly lower than at the higher level, while the cost of the lower protein 
feed is generally noticeably lower. 

Since a larger proportion of the feed eaten is needed for energy purpo^ 
and a smaller proportion for growth of tissue, as a bird increases in weight, 
the protein level may be reduced when the period of rapid growth has been 
passed. This is generally between eight and twelve weeks of age. The protein 
level may be reduced from the 18- to 20-per cent of the starting and growing 
ration to 15 or 16 pet cent, which is the amount recommended in the laymg 
ration (p. 275). 

The mineral needs for growth ate principally needs for calcium 
phosphorus for bone formation. The deposit of the mineral elements depen^ 
on the amounts present, the ratio between them, and the presence of vitamin 
D. Studies made at several of the experiment stations indicate that the chick 
ration should contain 1 pet cent calcium and 0.6 per cent phosphorus. The 
ratio of calcium to phosphorus should be between 1:1 and 2 : 1 . 

The sodium chloride or salt requirement for growth is met by the salt con- 
tent of anirnal protein feedstuffs (p. 289). when these are used as the ony 
protein fcedstuffs. When vegetable protein feedstuffs are used, it is advisable 
to add 0.5 per cent salt to the ration Amounts up to 2 per cent of chick ra- 
tions appear to make no difference in growth and health of birds. The more 
salt consurned, the more water consumed and consequently the mote fluid the 

droppings become and the damper the litter. 

The duck needs little more than traces of iron in the ration. This is sup- 
^ amounts by animal protein feedstuffs and by the traces 

(TS jrppSi 

“.‘‘‘■y of m.aganese per million parts of th' 


ration for normal growth of bone. 


ted 


tha? *0 l7eo„,3 / " “O'O thoroughly investigai- 

Ind ^ areT production and hatchability. Vitamins A, D, G 

nfen .h«^ m nn'll'd 7 '“y “ in poultry rations, 

grass range ^ equate amounts when birds are grown on green 

viSnTiMloTr ‘7 2000 International units of 

vttamtn A, 180 AOA.C chtek units nf vitamin D, 0.014 mg. of vitamin B.n 
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and 1.6 milligrams of riboflavin (G) fojr siting and 0,9 for growing chicks, 
per pound of feed. Daily exposure to sunlight varying from two and one* 
half minutes in the summer to twenty-five minutes in the winter may be 
used in place of vitamin D for the prevention of rickets among growing 
chicks. Ultraviolet lights may be used in place of sunlight. The length of ex- 
posure of chicks under these lamps will vary with the kind of light, its in- 
tensity, and its distance from the chicks. 

The nutritive requirements for egg production. The nutritive needs 
for egg production include those for maintenance, growth of pullet layers, 
and the nutrients in the eggs produced. The nutritive requirements will be 
greater for birds with an inherited capacity for high egg production than for 
birds that will lay only a few eggs. The standard-weight egg contains about 
95 calories of gross energy, 7.5 grams of crude protein, and 2 grams of 
calcium. 

The energy needs of a four- to five-and-one-half-pound hen include .145 
to .227 pounds of feed daily for maintenance, and .078 to .1 pound for the 
production of an egg, or a total of .223 to .327 pounds. Naturally, the larger 
the bird and the larger the egg, the greater the energy needs for egg produc- 
tion. 

The protein needs for egg produaion include about 6.5 grams daily for 
maintenance, and 7.5 grams for the egg. An additional amount is needed the 
first few months of production to meet the growth requirements. A protein 
content of 15 per cent in most laying rations will generally take care of the 
protein requirements. Pullets may need as high as 18 per cent protein the 
first few months of production to take care of the intensity of egg production 
and body growth. Old hens, on the other hand, may produce as well on 13 
to 15 per cent protein as on higher levels. 

Molting birds need proteins of high cystine content for renewal of feathers. 
Tests conducted at the Nebraska Agricultural Experiment Station have shown 
that the endogenous nitrogen loss among nonmolting hens amounts to about 
144 milligrams per kilogram of body weight, and among molting hens, 219 
milligrams. Evidently the molting hen breaks down tissue protein to supply 
the amino acid cystine for feather growth. When 145 milligrams of cystine 
were added to the diet of the molting hen, the endogenous nitrogen loss was 
reduced to 137 milligrams. The feeding of tystine exerted a protein sparing 
out of proportion to its nitrogen content, thus indicating its value for feather 
grotvth. 

The mineral needs for egg production are mostly needs for calcium and 
phosphorus. The shell of the egg constitutes about 11 per cent of its total 
weight. It consists largely of calcium cirbonate. The yolk of the egg contains 
about 80 milligrams of phosphorus. The laying ration should contain about 
2.3 per cent calcium and .8 per cent phosphorus. The requirements will varj- 
within wide limits, depending on the rate of produaion. Oyster shells or some 
other source of calcium should be kept a\'ailable to supply additional calcium 
for high-producing hens. These hens will eat more mash feed, and therefore 
will secure additional phosphorus from this source. 
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The egg contains 1.5 milligratns of iron. Studies made at Ohio State Uoi 
versity and elsewhere have shown that the traces of iron found m pouit^ 
feedstuffs meet the iron requirements for egg production. Jhe . 

iodine found in oyster shell, fish meal, and other marine products meet 
iodine needs of laying and breeding stodc, 

The salt needs ate met by the use of animal protein feedstuns. 
vegetable protein feedstuffs are used, it is advisable to add 0.5 per cent s • 
chloride to the ration. It may also be added to rations containing anima pro- 
tein feedstuffs. 

The laying and breeding ration should contain fifty parts of mangan 
per million for the produaion of normal shell texmre and hatchability- 
The vitamin needs for egg production should include about 3^0 
national units of vitamin A, 360 A.O,A.C. chick units of vitamin D, an 
.9 milligrams of riboflavin (G) per pound of feed, , 

Nutritive requirements for hatchability. It requires a better ration 
the produaion of hatchable eggs than for the produaion of market eggs. 
The hen must store in the egg all of the vitamins and other nutrients r^ 
quired for chick embryo development. The ration has little influence on ^ 
production of sperm cells by males as long as the birds remain healthy- 
Energy needs for the produaion of hatchable eggs are the same as for dJe 
produaion of market eggs. 

Protein needs for the ptoduaion of hatching eggs are the same in 
tity as for the produaion of market eggs. Proteins of higher biological^^^*^ 
ate required for the ptoduaion of hatching eggs than for the production ot 
market eggs. Animal protein feedstufis such as milk, fish meal, and meat 
scraps produce better hatchability than blood meal and "stick" (cooking water 
residue from the steam rendering of animal products). This may be due to 
their vitamin Bjj content. 

mnerd needs for the production ol hatchable eggs are the same as to 
the produaion of market eggs ( p. 275 ) . 

Vitamin needs for the produaion of hatching eggs are higher than f®^ 
the produaion of market eggs The breeding ration should contain about 
3300 International units of vitamin A, 0004 mg. of vitamin 450 
(hick units of vitamin D, and 1.3 milligrams of riboflavin per pound of 
A cemin amount of vitamin E is also necessary for hatchability. It is widely 
distributed in poultry feedstuffs. and there is Unle chance of a deficiency m 
breeding rations. 

It IS dKirablc to feed rations suitable for the produaion of hatchable eggs 
to flocks kept for the production of market eggs-^e eggs produced wiU have 
greater vitamin content and consequently greater food value. The vitamin 
D content of yolks has been increased tenfold by increasing the viramm 

u JT' ( u' ’‘ul’!' ™ '“i > latiou sufficiently high to 

of^he 1^ “f^tdiable eggs, there is less depletion of the vitamin cowent 
Itealth and ate beltet able to tesist ot 

Withstand attacks of poultry 
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Nutritive requirements for fattening. Birds that are fairly well ma- 
tured, such as fryers, roasters, and capons and mature birds, may be fattened. 
The fattening of birds increases the palatability of the meat and makes it 
more tender. Another purpose of fattening is to add body weight. 

Energy needs for fattening are high because the deposit of fat means the 
deposit of a rich source of energy. Orbohydrate feedstuffs make up a large 
proportion of the fattening ration because they are cheap and are readily 
transformed into fat by the animal. The addition of 2 to 4 per cent of corn 
or peanut oil to the ration will increase its fat-producing value. 

Protein needs for fattening are low because animals that fatten well are 
nearly or completely finished growing. There is, therefore, little demand for 
protein for the growth of tissues. Animal proteins, such as milk, do improve 
the palatability of poultry, increase feed consumption, and consequently in- 
crease body weight. Rations containing 14 or 15 per cent protein are gen- 
erally used for fattening poultry. 

Mineral needs for fattening poultry are the same as for growth (p. 274). 
If vitamin D is omitted from the ration, the ratio of calcium to phosphorus 
may be increased to 2.3 to 1 to prevent the development of brittle wing and 
leg bones. 

The vitamin needs for fattening are approximately one-half the needs for 
growth (p. 271). 

Estrogenic hormones (p. 6(5) implanted or fed in the ration stimulate fat 
production at an early age. They do not markedly alter the rate of growth or 
feed efficiency. Diethylstilbesterol and dienestrol diacetate are the two 
estrogen-like substances most widely used for fattening yoimg poultry. The 
latter is more effeaive when vised in the ratioa Hormones are implanted 4 
to 6 weeks before marketing or added to the ration two or three weeks before 
the birds are marketed. 

REVIEW QUESTIONS 

1. Poultry produas and poultry feedstuffs are composed of what nutrients? 

2. What are the functions of minerals in the animal body? 

3. What determines the value of a protein in a ration? 

4. Differentiate between fat and ether extract. 

5. What vitamin is most likely to be deficient in poultry rations? Why? 

6. What are the most praaical and economical sources of vitamin A for 
poultry? 

7. What are the chief functions of vitamin G? 

8. Differentiate bettvecn the U.S.P. and A.OA.C units of vitamin D. 

9. Is there likely to be a shortage of vitamin E in poultry rations? Why? 

10. Define metabolism. 

11. Why are digestion trials with chickens subjea to greater error than digestion 
trials with other domcsuc animals? 

12. Why does the biological analysis of a feed give more information regarding 
the feeding value of a feed than is given by the chemical analysis? 

1 3. Of what value is microscopic analysis of feeds? 
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Table 51 

NUTRIENT REQUIREMENTS FOR CHICKENS * 



I« Praereraor. ou Aiioutr rt* Pofxp or Feo 

NuraiEiTi 

Starting 

Crowing 


Breedieg 


0-S 

S-IS 

Kens 



Weeke 

weeks 



Total protein, per cent . . ... 

20 

16 

IS 

IS 

Vitamins 





Vitamin A acuvity (U S P. Uniu) 



2000 

2000 

Vitamin D (I CU.) *. 

90 


22s 


Thiamin, mg ... ... 





Riboflavin, mg . 





Pantotbentic acid, mg 


42 

2.1 


Niaan, mg ... ... 


I 

PyTidaxinc, rag 

IJ 


1.3 

■ 1.3 

Choline, mg 




1 

FoUem, rag 



ail 

0.16 

Vitamin Ba. mg 



0002 

Viumin K. rag 

OIS 

t 

f 

1 

Minerals 





Caldnra, per cent 




t2S 

Phoephonis. per cent t , 


06 


06 

Salt, per cent . . 

Pouisinrn. per cent . 
hbeianese, mg 

OS 

02 

os 

ai6 

os 

? 

as 

t 

Iodine, mg .... 

MagBesiura. rag . ... 

Iron, rag 

as 

220 

a: 

0.2 

I 

05 

I 

Copper, rag . . . 

a? 

f 

I 

t 

Amino acids per cent 





Arginine.... ... 

12 

r 

i 

05 

t 







t 



Tryptophan.. 

02 

t 

ais 

I 




t 



1«l 


t 





f 




i 

t 




t 





i 

i 
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20. Compare the protein and energy needs of a growing bird as it increases in 
body size. 

21. What are the two principal mineral elements needed for growth? 

22. Why is manganese needed in poultry rations? 

23. What are the four vitamins that ate most likely to be deficient in chick 
rations? 

24. Compare the protein requirements for growth and egg production. 

25. Why are the nutritive requirements higher for the production of hatching 
eg g s than for the production of market eggs? 

26. Why is it advisable to feed for the production of hatchable eggs even though 
they are to be sold as market eggs? 

27. Compare the nutritive requirements for growth and fattening. 
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Feeding Practices 


The feed cost amounts to about 60 per cent of the total cost of poultr)' 
production. The results obtained are largely dependent upon the rations and 
how they are fed. The value of a ration is determined by the kind, quality, 
and amounts of feedstuffs used. 

Poultry Feedstuffs 

Poultry derive part of their feed directly from plant sources and part in- 
directly through animal sources. 

Feedstuffs may be classified into four principal groups, depending upon the 
primary purposes for which they are fed. These groups are carbohydrate, 
protein, mineral, and vitamin feedstuffs. 

Carbohydrate Feedstuffs 

Carbohydrate feedstuffs constitute about 75 to 90 per cent of poultry ra- 
tions. They are used primarily for hear, energy, and fat production. The car- 
bohydrate feedstuffs are produced easily, are readily available, and are cheap. 
They contain other nutrients in addition to carbohydrates or nitrogen-ftee 
extract (Tables 1-3, Appendix). They are deficient in certain essential 
amino acids, minerals, and vitamins. 

The cereal grains are the chief carbohydrate feedsmffs. They are much 
alike in composition and feeding value. The amounts of different grains in 
rations may be varied within wide limits, depending upon price and avail- 
ability. Grains are graded according to moisture content, w'eight per bushel, 
soundness of kernels, and freedom from foreign seeds and dirt (Table 52). 

Corn. Indian corn, or maize, is the chief cereal grain produced in the 
United States. It produces better yields than the other grains, is easily grown, 
and is w'ell liked by domestic animals. Corn is high in nitrogen-free extract, 
diiefiy starch, and relatively high among the cereal grains in far. It is low in 
protein and mineral content. The two chief types of corn fed to livestock are 
dent and flint. They have about the same feeding value. Flint corn is harder 
than dent corn. Hybrid corn is rapidly replacing open-pollinated corn be- 
cause of greater yield. However, its protein content is lower. 
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Feeding Practices 

New corn that is well matured at husking time, should not contain more 
than 20 or 25 pet cent moisture. It is satisfactory for poultry-feedirtg pur- 
poses as soon as it is dry enough to shell. The feeding value of new corn per 
pound as purchased becomes greater as it becomes drier. 

Shelled corn may spoil, when stored, if it contains more than 14 to 15 per 
cent water. It pays to shell corn and feed it to poultry in hoppers rather than 
to feed it as ear corn in the litter. 

Ground com generally has about the same feeding value as whole corn. 
Some of the whole corn is used by the animal for energy for grinding, thereby 
lowering its net feeding value. In ground corn there is a tendency to dry out 
and become unpalatable. The fat in the germ becomes rancid and there is 
loss of vitamin A. These factors reduce the net value of ground corn. Coarsely 
ground corn is more palatable and gives better results than finely ground 
material. The feeding value of ground corn is also higher when it is ground 
only a few days before it is to be fed. 

Cracked com has no greater feeding value than coarsely ground corn, if 
as great. Sifting out the fine materia! from cracked corn adds to the expense 
of this material over that of whole or ground corn. The fine material sifted 
out contains corn bran and part of the corn germ. These materials have higher 
nutritive value than the more starchy cracked corn. 

Corn feed meal is the fine siftings obtained in the manufacture of cracked 
corn, with or without aspiration products added to the siftings. It is, there- 
fore, not a standard pr<^ucc. It varies in composirion and feeding value, 
depending upon the amount of germ and bran it contains. 

Hominy meal is a by-product of the manufacture of hominy, hominy grits, 
and corn meal by the degermination process. It contains the corn bran, germ, 
and part of the starchy portion of the grain. It varies in composition, depend- 
ing on the amount of germ and bran it contains. Hominy contains 5 to 7 per 
cent fat, and about 11 per cent protein. Hominy meal is probably slightly 
better than ground corn in fattening rations because of its greater fat content. 
In growing and laying rations, hominy meal is no better than ground corn, 
if it is as good. 

Wheat. Wheat is second only to corn as a cereal in the United States. 
It is raised primarily for the manufacture of flour and other human foods. It 
is generally more expensive than corn and other cereal grains, and is therefore 
less used in livestock rations. Wheat by-produas, bran and middlings, re- 
sulting from the manufacrure of flour, are widely used in live stock and 
poultry rations. Wheat from the western plains contains about 13.5 per cent 
protein, while that from the Pacific Coast has only 9-9 per cent. Spring wheat 
is slightly higher in protein and fiber than winter wheat. Wheat is low in 
Calcium, but is a fairly good source of phosphorus. It is a good source of 
vitamins Bj and E. Winter and spring wheat have about the same feeding 
value. 

W'bolc wheat is the most palatable of all the grains for poultr)*. Young 
chicks are able to eat and utilize it after they are two or three weeks old. 
Good, sound, and clean whole wheat is usually worth more for flour milling 
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purposes thau for livestock feeding. Shriveled wheat that is unsatisfactory for 
miUing purposes is satisfactory for poultry feeding. *^6 . 

wheat that contains other grains and possibly some weed seeds. ea o . 
better results when fed as the whole grain in feeders than when groun 
mixed in the mash. ..... 

Ground wheat may be used as a substitute for bran and mid n^^ 
poultry mashes when it is cheaper. The wheat should be coarsely ^ 
Large amounts of ground wheat in poultry rations cause them to 
tendency to pack and to cause sticky masses in the mouth when 
is due to the large amount of Sour material and to the wheat gluten pt ^ 
When ground wheat is used in poultry mash feeds, it is desirable 
ground oats, alfalfa, and possibly wheat bran to add bulk and prevent pa»i 
The use of 25 per cent ground wheat and 3 per cent wheat bran m^cs ^ 
satisfaaoty substimte for a similar amount of middlings and ^ 

wheat is lower in protein, minerals, and vitamins than bran and mid P* 
and consequently is not quite so valuable a feedstuff. 

Wheat bran is a by-product obtained in the milling of wheat for flour, 
is the outer coating of the wheat gtaitL As the wheat passes through 
sive pairs of rollers, it is broken and crushed, the bran flattened out, 
flour sifted out. In the miUing of wheat, the yield of flour amounts to a 
72 to 75 per cent of the whole wheat, and the by-products are composed o 
about 11 per cent bran and ll per cent middlings. Bran contains about 
per cent protein, 5 per cent fat, and 10 per cent flber. It is low in 
but contains mote phosphorus than any of the other grain products. 
should not constitute more than 10 to 15 per cent of the chick ration 
of its bulkiness, high fiber content, phosphorus content, and laxative e 
The best grades of bran have large clean flakes and contain no screenings, 
regiound bran or standard bran often contains screenings. These screeninp 
are chiefly weed seeds. They may interfere with palatabilicy, depending 
the kind and amount of seeds presenc Bran h used in rations primarily to ad 
bulk and for its mild laxative effect. 

Wheat standard mtddlmgs consul of fine particles of bran and 
red dog flour obumed as a by-product in the milling of wheat for flour, 'in'* 
feedstuff comists of 17.4 per cent protein, 6.8 pet cent fiber, and 5.5 per 
fat. It supplies about 12 pet cent more digestible nutrients than bran an 
a bener feedstuff. Middlmgs generaUy constitute from 15 to 30 per cent ot 
poultry mashfeeds. It adds to the palatabiiity of the mash, supplies B„ E. ^ 
other vitamins through iu germ content, and helps to prevent perosis W- 
cause of m manganese content. The protein in middlings, like that of othef 
ccrtal gtams, is low in biological value and needs to be supplemented 
animal ptotem feedstuffs. 


(t™ "a f"", known as wheat gray shorts, contains 

I 8"" in middlings. Tbia 

sn^ sh^ld i^ contain mote than 6 per cent fiber. It has about the safflt “ 
'T middlings. 

ea re og flour, also knem'a as white shorts, contains more flour ao^ 
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less fiber than found in flour middlings. While it is higher in digestible 
nutrients than standard middlings, it is lower in feeding value because it 
contains less germ and bran, and consequently less of the valuable vitamins 
and minerals. 

Wheat mixed feed, also known as "mill run," consists of the bran and 
middlings obtained in the milling of wheat It has about the same feeding 
value as equal parts of bran and middlings and may be used in place of them 
in poultry rations. 

Wheat germ in some of the larger mills is separated more or less com- 
pletely from the middlings and sold as wheat germ meal. It is rich in vita- 
mins Bj and E, and contains about 25 to 30 f«r cent protein. 

Oats. Oats rank third in acreage among the cereals in the United States. 
They contain about 12 per cent protein, 10.6 per cent fiber, and 4.7 per cent 
fat. Oats vary all the way from 30 per cent hulls or less and thirty-two pounds 
or more per bushel to more than 50 per cent hulls and less than twenty-five 
pounds per bushel. Good, heavy oats weighing thirty-two pounds per 
bushel are a valuable feedstuff for poultry. This feedst^ supplies faaors 
which aid in preventing cannibalism and in the prevention of perosis (p. 
349). Since these factors are found in the hull and outer coating of the oat 
kernel, the entire oat grain should be fed. Oats generally constitute from 10 
to 30 per cent of poultry rations. 

Whole oats are a satisfactory feedstuff for poultry. They can be utilized 
satisfactorily by chickens and turkeys which are at least si}& weeks old. The 
consumption will vary with the environment and other constituents in the 
ration. Gtickens kept in confinement and on wire will consume more oats 
than birds kept on straw litter and given green grass range. Oats may be 
kept before the birds in hoppers or mixed with other grains or the mash. 

Ground oats are used satisfactorily in mash feeds. They should be finely 
ground with a hammer mill. 

Clipped oats have been run through an oat clipper, which clips off the 
pointed end of the hulls. This process is unnecessary. 

Hulled oats, also known as oat groats, and rolled oats are of less value than 
whole or ground oats for poultry. While hulled oats contain less fiber and 
more digestible nutrients than ground whole oats, they contain less of the 
factors which prevent cannibalism and perosis. It is not economical to feed 
hulled oats to poultry. 

Sprouted oats have no greater feeding value than unsprouted whole oats 
( Table 53). They were once used as a substitute for green grass and succulent 
feed during the winter months. Alfalfa meal is now used in place of sprouted 
oats. It furnishes the material supplied by sprouted oats and additional 
protein, mineral, and vitamin nutrients. 

Barley. Barley ranks fourth in importance as a grain crop in the United 
States. It is the most widely cultivate of the cereals throughout the world, 
as it is adapted to a wide range of climatic conditions. Barley production 
is gradually replacing oat production. The ns’o grains are much alike in 
composition and feeding value. Heavy barlej’, weighing forty-eight pounds 
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^ Table 53 


THE FEEDING VALUE OF DIFFERENT 

FORMS OF OATS 

FOR EGG PRODUCTION 


Rind ol Oati Conitituiing 

20 Per Ceotcl the Ration 

Ek Prodaetjon 
Per Bird (50 Week*) 

riitinn i»r\ nat<: 

... 116 


.. 140 


.... 133 

Germinated oats 

... 135 


.... 131 


or more per bushel, is more satisfactory for poultry feeding than 
weighing only about forty-five pounds per bushel. Barley may be used in ^ 
same manner as oats in poultry rations. It may be used to replace oats 
part of the corn and wheat products commonly used in poultry rations. 

Rye. Rye, although resembling wheat closely in composition, is an un 
satisfaaory fcedstuS for poultry. The whole grain is hard and unpalatah 
The use of 20 per cent or more of ground rye in chick rations causes 
disturbances and the droppings have a tendency to adhere to the feet. A , 
amount of rye, not exceeding about 15 per cent, may be used in growing ^ 
laying rations. It should be ground and used in the mash feed. 

Buckwheat. Buckwheat is unpalatable because of its dark, unattractive 
pearance and high 6ber content. It is unsatisfanory as a whole grain fe^ 
Ground buckwheat or buckwheat middlings may be used to replace 10 to i'J 
per cent of other grains or their by-products in poultry mash feeds. , 

Sorghum grains. Sorghum grains are grown in the southwestern p^tt o 
the United States where there is a scarcity of rainfall. The chief kinds are 
milo, kafir, feterita, kaoliang, hegari, durra, and shallu. The sorghums «' 
scmblc corn in composition (Table 1, Appendix). Unlike yellow com, they 
are deficient in vitamin A There are no advantages in including sorghum 
grains in poultry rations unless they arc cheaper than corn, wheat, and oats- 
In fact, the sorghum grains do not give tjuite so satisfactory results. 

Rice. Rice is one of the most important cereal crops of the world. Hosve'^* 
the production in the United States is of minor importance. Rice is 
in the coastal section of Louisiana, and in Arkansas, Texas, and (jilifomw 
Rice products, such as rice bran, rice polish, and brewers’ rice, can be 
to fcplacc part of the other grains in the ration. Rice is a good feedstuff 
well liked by poultry. It is seldom economical for use in rations except m 
regions where it is produced 

Serrenings. Screening, consist of small, brolren. or shrunken kernels of 
gram, oats, and wild buckwheat, smaller weed seeds, chaff, and htokco 
sterru. This marerul „ remosed as completely as possible from wheat and 
before they ate milled (or hnm.n Cr-nincs vat) 


Other grams t 


consumption. Screenings ' 


•tat'ri^defmiie'suVemen.s oa" 

be made regarding them 


’Kftinara tfiJ ChamV<tbin 
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Far. The addition of stabilized animat fats or vegetable oils to poultry 
rations at 2 to 5 per cent levels improves feed efficiency, reduces dust, and 
improves the texture and color of the rations. In some rations it improves 
growth rate and improves the quality of the carcass, especially true when high 
levels of protein are fed. 

Antioxidants used for stabilizing fats and preventing rancidity include 
diphenyl-para-phenylenediamine (DPPD) , butylated hydroxyanisole (BHA) , 
and alpha tocopheryl acetate (Vitamin E). The level used varies with the 
fat to be stabilized and the antioxidant used, but is small, usually 0.01 per cent. 

Cane molasses. Cane molasses, also known as blackstrap, is a by-product of 
the manufacture of cane sugar from sugar cane. Cane molasses may be used 
to replace cereal grains, pound for pound, up to 10 per cent of the ration. 
It should be incorporated in the mash feed with a power mixer. Cane mo- 
lasses used in rations containing little or no milk will increase palatability, 
increase water consumption, and serve as a mild laxative. 

Beet molasses is not so satisfactory as cane molasses as a poultry feedstuff 
because of its higher alkaline salt content and greater laxative effect. 

Bread. Bread and other stale bakery products are sometimes fed to 
poultry. The analysis of bread is quite similar to that of grains (Table 1, 
Appendix). Bakery products may be used to replace a part of the grains 
fed to poultry. 

Potatoes. Potatoes which are too small for sale may be cooked and fed to 
poultry. A gallon of cooked potatoes may be fed to one hundred hens daily 
to take the place of about a quart of grain. 

Protein Feedstuff s 

The protein feedstuffs are the most costly group of feedsmffs used in 
poultry rations. They generally constitute from 10 to 30 per cent of the ra- 
tion. Protein feedstuffs are derived from both plant and animal sources. Care 
is needed in the selection of protein feedstuffs for poultry rations in order to 
secure a sufficient quantity of the essential amino acids for growth and egg 
production. 

Animal protein feedstuffs include milk, meat scraps, tankage, fish meal, 
and hatchery residue. They are more palatable, higher in mineral, vitamin 
Bj 2 and riboflavin content, and higher in biological value (Table 54) than 
vegetable proteins. Most animal protein feedstuffs are more variable in com- 
position than vegetable protein feedstuffs because they are blends of various 
packing house and cannery by-products. The use of high temperatures in 
the preparation of animal protein feedstuffs reduces their digestibility, vita- 
min content, and biological value. 

Vegetable protein feedstuffs include soybean oil meal, corn-gluten meal, 
cottonseed meal, peanut oil meal, and lins^ meal. They are not so palatable 
or digestible, or of so high a biological value as the animal protein feedstuffs. 
Vegetable protein feedstuffs are low in mineral and riboflavin content. 
Cooking, in the process of removing oil, increases their feeding value. 



288 


Poultry: Science and Practice 


Table 53 

THE FEEDING VALUE OF DIFFERENT FORilS OF OATS 
FOR EGG PRODUCTION * 


Kind of 0»ti Conitituting 

20 P« Cent of the Rition 

Basal ration — no oats 

Ep? prodnetjon 
PerBird (SO Week*) 

116 

. 140 


. . 133 

Germinated oats 

135 


131 


or more per bushel, is more satisfaaory for poultry feeding than 
weighing only about forty-6ve pounds per busheL Barley may be used m ^ 
same manner as oats in poultry rations. It may be used to replace oats 
part of the corn and wheat products commonly used in poultry rations. 

Rye. Rye, although resembling wheat closely in composition, is an 
satisfactory feedstuff for poultry. The whole grain is hard and unpalata ^ t 
The use of 20 pet cent ot mote of ground rye in chick rations causes digest 
disturbances and the droppings have a tendency to adhere to the feet As ^ 
amount of rye, not exce^ing about 15 per cent, may be used in growing ^ 
laying rations. It should be ground and used in the mash feed. 

Buckwheat Buckwheat is unpalatable because of its dark, unattractive a^ 
pearance and high fiber content. It is unsatisfactory as a whole gt®*® 
Ground buckwheat or buckwheat middlings may be used to replace 10 to I 
per cent of othec grains or their by-products in poultry mash feeds. ^ 
Sorghum grains. Sorghum grains arc grown m the southwestern ® 
the United Sutes where there is a scarcity of rainfall. The chief kinds arc 
milo, kafir, fetetita, kaoliang, hegaii. durra, and shallu. The sorghums 
semble corn in composition (Table 1, Appendix). Unlike yellow com, they 
are deficient in vitamin A. There arc no advantages in including sorghum 
grains in poultry rations unless they arc cheaper than corn, wheat, and caO- 
In fact, the sorghum grains do not give quite so satisfactory results. 

Rice. Rice is one of the most important cereal crops of the w’orld. However* 
the produaion m the United States b of minor importance. Rice is 
m the coastal section of Louisiana, and in Arkansas, Texas, and Olifo”'^ 
Rice products, such as nee bran, rice polish, and brewers' rice, can be 
to fcpbce pan of the other grains in the ration. Rice is a good feedstuff a«w 
well liked by poultry It is seldom economical for use in rations except m 
regions where u is produced 

Screenings. Screenings consist of small, broken, or shrunken kernels of 
gram, ■^d oits, and wild buckwheat, smaller weed seeds, chaff, and bToVeo 
Items. This matcnil i$ remosed as completely as possible from wheat 
otlier grams before they are milled for human consumption. Screenings vary 
so greatly m composition and feeding value that no definite statements cau 
be made regarding them. 

* KcaiurJ aM OiimbtiUifi, I9JG. 
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Fat. The addition of stabilized animal fats or vegetable oils to poultry 
rations at 2 to 5 per cent levels improves feed efficiency, reduces dust, and 
improves the texture and color of the rations. In some rations it improves 
growth rate and improves the quality of the carcass, especially true when high 
levels of protein are fed. 

Antioxidants used for stabilizing fats and preventing rancidity include 
diphenyl-para-phenylenediamine (DPPD), butylated hydroxyanisole (BHA), 
and alpha tocopheryl acetate (Vitamin E). Tlie level used varies with the 
fat to be stabilized and the antioxidant used, but is small, mually 0.01 per cent. 

Cane molasses. Cane molasses, also known as blackstrap, is a by-product of 
the manufacture of cane sugar from sugar cane. Cane molasses may be used 
to replace cereal grains, pound for pound, up to 10 per cent of the ration. 
It should be incorporated in the mash feed with a power mixer. Cane mo- 
lasses used in rations containing little or no milk will increase palatability, 
increase water consumption, and serve as a mild laxative. 

Beet molasses is not so satisfactory as cane molasses as a poultry feedstuff 
because of its higher alkaline salt content and greater laxative effect. 

Bread. Bread and other stale bakery products are sometimes fed to 
poultry. The analysis of bread is quite similar to that of grains (Table 1, 
Appendix). Bakery produas may be used to replace a part of the grains 
fed to poultry. 

Potatoes. Potatoes which are too small for sale may be cooked and fed to 
poultry. A gallon of cooked potatoes may be fed to one hundred hens daily 
to take the place of about a quart of grain. 

Protein Feedstuffs 

The protein feedstuffs are the most costly group of feedstuffs used in 
poultry tations. They generally constitute from 10 to 50 per cent of the ra- 
tion. Protein feedstuffs are derived from both plant and animal sources. Care 
is needed in the seleaion of protein feedstuffs for poultry rations in order to 
secure a sufficient quantity of the essential amino acids for growth and egg 
production. 

Animal protein feedstuffs include milk, meat scraps, tankage, fish meal, 
and hatchery residue. They are more palatable, higher in mineral, vitamin 
Bi 2 and riboflavin content, and higher in biological value (Table 54) than 
vegetable proteins. Most animal protein feedstuffs are more variable in com- 
position than vegetable protein feedstuffs because they are blends of various 
packing house and cannerj' by-products. The use of high temperatures in 
the preparation of animal protein feedstuffs reduces their digestibilitj’, vita- 
min content, and biological value. 

Vegetable protein feedstuffs include soybean oil meal, corn-gluten meal, 
cottonseed meal, peanut oil meal, and lins^ meal. They are not so palatable 
or digestible, or of so high a biological ^-alue as the animal protein feedstuffs. 
Vegetable protein feedstuffs arc low in mineral and riboflavin content. 
Cooking, in the process of removing oil, inaeases their feeding value. 
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Table 54 


RELATIVE EFFICIENCY OF PROTEIN FEED- 
STUFFS AS MEASURED BY NITROGEN 
RETENTION BY GROWING BIRDS ’ 


Protein Fee^tuFi 

Relative Protein Efiejeocr 

Casein (standard control) . . . , 

100 

Dried skim milk 

100 

White fish meal 

Vacuum dried 

IM 

Steam dried 

1(M 

Flame dried 

94 

Sardine fish meal 

Domestic. 

98 

Asiatic 

91 

Menhaden fish meal 

Steam dried 

91 

Flame dried 

80 

Soybean meal 

Eipeller process 

89 

Hydraulic process 

85 

Meat scrap 

h% protein 

69 

60% protein 

75 

55% protein 

82 

50% protein 

73 

45% protein 

72 

Whale meat meal 

protein 

7? 

55-60% protein 

S3 

Com gluten meal. . . 

61 

Uround soybeans... 

58 


Milk. Milk IS one of the most valuable poultry feedstuSs. It is retxsminw'*'^ 
foe use m nearly all poultry rations beause of its hiRh^iuality proteins. P*” 
assortment of minerals, and vitamin content. Milk adds to palatabilitj of 
poultry tau^ IS easily digested and assuniUted. acts as an antidote for DW" 
toxtfu, ind has a mild laxative effecc 

“ S'""’, “7 "ponsive for feeding poultry. Skim milk « 
wi h ■*"!>"■ me viSiin A remos^ 

raiitr^ W o*er feedstuifs in poul>^ 

a T”" t;!. poultry. Sometimes it tequim* 

tV otlK/lS tZ' accustomed to the ctage from one form « 

— ^ «■>> "( milk at the time of feeding has littla m- 

Noffii. #n 4 HruMT. 193J. 
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fluence on its value after consumption. Adds and alkalis in the digestive 
processes quickly change the characteristics of milk. 

Skim milk is whole milk from which the cream has been removed. It is 
available on farms where cream is sold. Skim milk may be used in place of 
water as a drink for poultry. The consumption will vary all the way from .5 
to 6 gallons per day per hundred birds, depending on size of birds, tempera- 
mre, the type of ration fed, and the rate of production. Milk that sours during 
the day and turns to a semisolid form (clabber) is still satisfactory for supply- 
ing the moisture needs of poultry. Giving chickens nothing but milk as a 
drink is equivalent to the use of about thirteen pounds of dried milk in each 
hundred pounds of feed. This practice will reduce the other feed consumption 
by about 13 per cent. It also will supply all of the protein feedstuff needed for 
the laying, breeding, or fattening ration. 

Liquid skim milk and buttermilk are generally cheaper than the condensed 
and dried forms when compared on the basis of the same solid content, be- 
cause the evaporation of water from milk is an expensive process. 

Buttermilk is the by-product remaining after the fat has been removed as 
butter from a mixture of cream and milk. It is more variable in composition 
than skim milk because it may contain neutralizers and washwater from the 
churn. During the summer months, cream may become too sour to churn 
properly. Neutralizers, chiefly calcium oxide and magnesium oxide, are added 
to the cream to reduce the acidity. These minerals remain in the buttermilk. 
One researcher has analyzed samples of dried buttermilk which varied in ash 
content from 8 to 14 per cent. Figure 135 shows two groups of chicks fed the 
same ration and the same amounts of dried bunermilk. The two samples of 
milk came from different plants and differed widely in ash content. Buttermilk 
and skim milk containing the same water and ash content have about the 
same feeding value. 

Condensed milk, also known as semisolid, is milk in which part of the 
water has been removed. It exists in a semisolid or paste form. Condensed 
milk varies greatly in moisture content. The products on the market generalfy 
contain 26 to 30 per cent solids, the remaining 70 to 74 per cent being water. 
The solids in condensed milk have about the same nutritive value as those in 
liquid or dried milk. A gallon of liquid skim milk or buttermilk is equal to 
about 3 pounds of the semisolid, or .9 pounds of the dried form in feeding 
value. Condensed milk is generally more expensive than the dried form when 
compared on the same solid basis, because of the greater amount of water 
that must be handled in transporting it. 

Dried milk contains about 35 per cent protein, 8 per cent ash, and 50 per 
cent laaose, or milk sugar. Dried skim milk and dried buttermilk are both 
sold for animal feeding purposes. More skim milk than buttermilk is used. 
Some of the dried skim milk produced is used for human consumption. Sweet 
cream buttermilk is preferable to the sour cream product because of its more 
uniform ash and higher vitamin G content. Dried skim milk is more constant 
in composition than dried buttermilk. The vitamin G content of both kinds 
of milk will var)’ within rather wide limits, depending upon the rations fed 
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in drying thn milk. Dried milk shnoM 
nclB ‘ e'” “PP"™'? »nd tr« from brawn or charred par- 

sufScienr m’ll- ° ^ ^ dried milk in poultry rations will supp J 

s^nlv tie “.“PP'"”™' o*« prordns L the ration and to 

supply the needs for Titamin G and B 

due’fTl“aX r '°”P^ Sronnd. dry-tendered reri- 

l" aoeJ will " “ ""S^' unavoidably in good facory pra^ 
. vatiea widely ,n compoarrion and feeding value, depending on the 
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amount of bone, cracklings, glandular tissue, and meat present. The more bone 
present, the higher the mineral content and the lower the protein content. The 
vitamin content is largely determined by the amount of glandular tissues 
present, such as livers and kidneys, and the temperature used in the process of 
preparation. Meat scraps are widely used in poultry rations to supply protein 
and minerals. The amount used is generally between 5 and 15 per cent. Milk 
and fish meal are sometimes used in place of all or a part of the meat scraps 
in poultry rations. 

Tankage. Tankage is a packing house by-product somewhat similar to 
meat scraps. It generally contains 60 per cent protein, while meat scraps 
generally contain 50 per cent. Tankage may be prepared by cooking under 
live steam or by the dry-rendering process. The latter process produces a prod- 
uct of higher nutritive value. "Stick,** or the cooking water residue, and blood 
meal are often added to raise the protein content to 60 per cent. Both of these 
products are of low biological value. Therefore, tankage may be of lower 
nutritive value than meat scraps. 

Fish meal. Fish meal is the clean, dried, ground tissue of undecomposed 
whole fish or fish cuttings, either or both, with or without the extraction of 
part of the oil, and containing not more than 3 per cent salt, Fish meals vary 
in composition and feeding value. Those made from white fish are superior 
to those made from dark, inedible fish. Fish meals made at low temperatures 
are superior to those processed at high temperatures. Fish meals containing 
much of the viscera, as are obtainable from some fish canneries, are superior 
to meals made from whole fish. The average fish meal has about the same 
composition and feeding value as meat scraps. In coastal regions, fish meal is 
as cheap or cheaper than meat scraps. Inland it is more expensive. White 
fish meal made by a low temperature or vacuum process contains protein of 
high biological value and is a good source of vitamin G. It compares favorably 
with milk as an animal protein feedstuff. 

Hatchery residue. Hatchery residue, also known as chicken tankage, con- 
sists of infertile eggs, dead embryos, cull chicks, and eggshells obtained in 
hatchery operation. Most of the material is a total loss at the present time. It 
may be processed like meat scraps. Chicken tankage is a satisfactory animal 
protein feedstuff for poultry. It may be used in the place of meat scraps in 
laying rations. 

Blood meal. Blood meal is a poor protein feedsmff for poultry. It is un- 
palatable and its protein is of low biological value. 

Soybean oil meal. Soybean oil meal is the most widely used of all the 
vegetable protein feedstuffs. It is prepared from soybeans by removing the oil 
and grinding the resulting presscake. So)beans are unpalatable and unsatis- 
factory as a feedstuff. Soybean oil meal is palatable and a good protein feed- 
stuff when supplemented with minerals and vitamins B ,2 and G. Soybean oil 
is used in industry. A ton of beans will yield about 1600 pounds of soybean oil 
meal and 400 pounds of oil. The beans may be processed by the expeller, 
hydraulic, or solvent methods. In the expeller method, the crushed beans are 
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subjeaed to great pressure in ‘’expellers’’ to remove the oil Some 
generated in the process. In the h)‘draulic or old process, the beans are coo 
and most of the oil pressed out in hydraulic presses. This method is the one 
generally used in processing cottonseed and flaxseed. In the solvent pr^ess, 
the ground beans are extracted with low*boiling*point gasoline. 
is later removed by treatment with steam, which also cooks the few. boy 
bean oil meal made by this process contains about 44 per cent protein an 
per cent fat, while that made by the hydraulic process contains about 41 per 
cent protein and 5 or 6 per cent fat , 

Soybean oil meal for poultry rations should have been thoroughly 
while being processed. Tliis is indicated by a pleasant nutlike taste and a lig«r 
brownish or tan color. If the soybean oil meal has a raw "beany” taste, it has 
not been heated sufficiently. Soybean oil meal needs to be fed with some 
animal protein feedstuS for best results. It may constitute 75 per cent of the 
protein feedstuffs used in chick and breeding rations, and as much as SH) pet 
cent of the protein feedstuffs used in rations for finishing pullets and turkeySi 
and for market egg production. When soybean meal replaces most of the 
meat scraps or fish meal in poultry rations, an additional quantity of minerals 
and vitamins B,* and G need to be included m the ration. Milk is an exce • 
lent feedstuff for feeding with soybean meal. It supplements the soyb^ 
protein, provides some of the needed minerals, and supplies necessary vita 
mins. A pound of mineral mixwre (p. 297) is generally added to the ra*o 
for each 5 or 6 pounds of soybean oil meal used when animal protein feed* 
stuffs constitute less than 50 per cent of the total protein feedstuffs used. 

gluten meal Oarn gluten meal is that part of shelled corn that re- 
mins after the separation of the larger part of the starch, the germ, and the 
bran, by the process employed in the maoufacTure of com starch and glucose. 
It 15 a good protein feedstuff, but like other grain proteins is deficient in es- 
sential ammo acids. Like soybean oil meal, it should be fed with aniflwl 
protein feedstuffs and minerak. Com giuten meal made from yeUow com 
contains about twice as much vitamin A as yellow corn. 

^ttonse^ meal. Cottonseed meal is a cheap and satisfactory protein feed- 


stuff pwltry rations m the cotton-producing states. It needs to be supple* 
mente^ith animal protein, minerals, and vitamins B,- and G, as in the case 
of soybean meal (p 293) The use of more than 5 6 per cent cottonseed 

Tnd m the production of eggs wCch develop grew 

S sttaje" ^ 

tion bei^u^ grains. Distillers dried grains are of variable ccnip<^* 

•Z ^e^ CO “* S'""* ^ by different distiller.es. 

n t^ S T the fiber from lO to 

T ^ ‘“de used m poultry rations 

in me'Sfitrf ?■' production 

oil mcaVor mm T, i^ « "ot so palatable « soyb^ 

rations sihen the mor^mSab^T^ in including it in poultty 

pamaMe promo feodsniSs aro available. 
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Peanut oil meal. Peanut oil meal is a good vegetable protein feedstuff. 
The quantity produced is small. It may be used economically in poultry ra- 
tions in the few southern states where peanuts are produced. 

Mineral Feedstuff s 

Growing birds need minerals for growth of skeleton and the laying hens 
need minerals for the formation of the egg yolks and eggshells. Most of the 
feedstuffs used in poultry rations are low in mineral content. This is true of 
the grains and vegetable protein feedstuffs. Animal protein feedsniffs are 
good sources of minerals. When little or no animal protein feedstuffs are in- 
cluded in poultry rations, additional minerals need to be added. Calcium, 
phosphorus, manganese, sodium, and chlorine are the mineral elements most 
likely to be deficient in feedstuffs comprising poultry rations. The laying 
hen has an exceptionally high requirement for calcium for making eggshells. 

Bone meal. Bone meal consists mainly of calcium phosphate (CagPOj),. 
It varies in composition, depending on method of manufacture. 

Poultry bone meal, sometimes called raw bone meal or steamed bone 
meal, consists of bones which have been thoroughly cooked, dried, and 
ground. This product contains 20 to 25 per cent protein. Special steamed hone 
meal is a by-product of gelatin or glue manufacture. It is cheaper than poultry 
or steamed bone meal and is as satisfactory as a mineral feedsmff. It contains 
more calcium and phosphorus and much less protein than poultry bone meal. 
Fertilizer bone meal is unpalatable, has a disagreeable odor, and is unsuitable 
for a poultry feedstuff. 

Bone meal is added to poultry starting and growing rations which contain 
less than about 10 per cent animal protein feedstuffs. It is an important in- 
gredient of mineral mixtures (p. 297). 

Limestone. Limestone consists mainly of calcium carbonate (CaCOg). 
Good grades of limestone for poultry feeding purposes contain 95 per cent 
or more calcium carbonate and a low percentage of magnesium. The presence 
of magnesium appears to be antagonistic to calcium assimilation. Ground 
limestone is sometimes added to mash feed to balance the calcium deficiency 
of the grains. The amount used is usually about 2 per cent. This will make a 
satisfaCTory ratio of calcium to phosphorus. Limestone is one of the principal 
ingredients of mineral mixtures (p. 297). 

Limestone grit is often used as a substitute for or in addition to oyster 
shells for hying hens. It is not quite so palatable as oyster shells and generally 
does not give quite so satisfaaory an egg produaion. Bright, shiny limestone 
grit is eaten more readily than dull gray dolomitic limestone grit. Many poul- 
trj’men keep both oyster shells and limestone grit before the laying hens in 
separate shell hoppers. It is better to allow laying hens free access to these 
sources of calcium than to incorporate all that is needed in the mash feed. A 
hen that ^-s 250 eggs in a year will need much more than one that lays 125 
eggs. If enough calcium is added to meet the needs of high-producing birds, 
much of it will have to be cxaeted by low-producing birds. 
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Oyster shells. Oyster shells contain 96 per cent or more calcium carbonate. 
They are used extensively as a source of calcium for eggshell formation- 
Crushed hen-size oyster shell grit is usually kept before the laying hem ui 
separate shell hoppers. A hen will eat two to four pounds of 0 )rster she w 
limestone grit in a year, depending on the number of eggs produced and e 
amount of calcium in the mash feed. When given free access to oyster s e 
and limestone grit, the hens consume much more oyster shell than lun^one. 
Apparently the small amount of muscle adhering to the oyster shell adm ® 
its palatabilit)'. Ground oyster shells are sometimes added to the mash 
and used in mineral mixtures in place of limestone. 

Clam shells may be used as a substitute for oyster shells, although they af* 
not quite so satisfactory. . 

Defluorinated rock phosphate. Rock phosphate that has been groun 
and heated to remove most of the Buorine may be used as a substitute w 
bone meal in poultry rations. Untreated raw rock phosphate is objecrionable 
as a mineral feedstuff beouse it conuins fluorine, which interferes with nor- 
mal mineral assimilation. 

Phospbatic limestone is a natural mineral consisting of a mixture of 
stone and rock phosphate in which the former predominates. It may be sub- 
stituted for mixtures of limestone and bone meal in mash feeds and mio®*" 
mixtures. It is a fair substitute for oyster shells for eggshell formation- 
Salt. Salt, or sodium chloride (NaCI), is needed m poultry rations W 
palatability and digestion. It is defleient in plant feedstuffs, such as grains and 
vegetable protein feedstuffs. Meat saaps and milk conuin salt because the 
mineral is fed to animab from which they are obtamed. Fish meal is also a 
good source. Salt is generally added to poultry rations at the rate of 0.5 per 
cent. ' 


Kelp. Kelp is a giant seaweed obtained from the seacoast of southern 
Caldorm^ It rontains about ?0 per cent ash. This ash is composed largely of 
sodium chloride and a wide variety of other sea minerals. Kelp is incorporated 
wid, Esh meal and sold under the trade name of Manamar. 

Manganese. It has recently been shown that maneanese is an essential 
mineral element for bone formation and hatchability. Only about fifty 
pei ric^^ m the ration. It may be supplied by the proper selec- 

tiM of feedstuffs (Table 2, Appendix). Manganese may be added to mash 
ST of sulphate. 

^ in pouloy rations. It « 

“ Ponltty radons, such as Bear 
alfaUa, and grass. A siuaU amount 7f iron is usuaUy added to 

Min“T^eT° T ““ ‘"’““‘*'*‘0'‘<fr.°rrnlp‘>»'= (p.297)- 

Jo™T„t " “'“ft'f in poulrry rarious. Ampl' 

shells or fish^oil 'ind 7 ^ of rnarme produers, such as fish meal, oyst^ 
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into alfalfa meal is three to ten minutes. If hay is rained on during the drying 
process, some of the protein and minerals and much of the vitamin G are 
washed out. Therefore, the use of dehydrated alfalfa meal insures the pres- 
ence of a normal vitamin G content. 

Alfalfa meal. Alfalfa meal is ground alfalfa hay. It varies widely in pro- 
tein, fiber, and vitamin content, depending upon the time of cutting, soil upon 
which it is grown, and method of curing. Alfalfa meals vary all die way from 
about 13 per cent protein and 35 per cent fiber to 17 per cent protein and 26 
per cent fiber. Alfalfa meals containing more than 17 per cent protein are 
generally classed as leaf meals, and those with less than 13 per cent as stem 
meals. The higher the protein content and the lower the fiber content of an 
alfalfa meal, other things being equal, the more satisfactory it is as an in- 
gredient of poultry mash feeds. 

It is difficult to judge the vitamin A and G content of an alfalfa meal by its 
protein content and appearance. A high-protein meal having a good green 
color and alfalfa fragrance is more likely to have a good vitamin content than 
a low-protein meal with a pale green color. 

Silage. Grass, legume, and cereal grass silage production is increasing. 
These products retain their original vitamin content better than sun-cured 
and even better than the dehydrated products. They are palatable and serve 
as excellent substitutes for green grass range during the late summer, fall, 
and winter months. Silage-fed birds produce eggs that are quite similar to 
those produced by birds on range. Naturally the more leafy the silage, the 
better it is for poultry. A hundred layers may be fed about three pounds of 
silage pec day to take the place of green grass range or as a substitute for 
alfalfa meal in the ration. 

Fish oils. The principal fish oils used as sources of vitamins for poultry 
are cod, sardine, pilchard, salmon, tuna, menhaden, and herring. They are 
used as sources of Vitamins A and D. The vitamin content varies within wide 
limits, depending on the kind of fish, the time of year they are caught, and 
the method used in removing the oil (Table 56). Much of the oil sold to the 
poultry trade is a blend of two or more oils and vitamin concentrates to pro- 
duce a given vitamin potency. A satisfaaory oil for poultry'-feeding purposes 
should contain not less than 600 U.S.P. units of vitamin A, and 85 A.OA.C 
units of vitamin D per gram (p. 254). To calculate potency per pound, 
multiply the units per gram by 454. Fortified oils are generally about four 
times as potent as unfortified oils. 

Fish oils or other sources of vitamins A and D are necessary in poultry 
rations only when birds are kept in confinement and in breeding rations 
during the winter months. The amount of oil used in poultr)' rations varies 
from about 25 to 2 per cent, depending on the system of feeding, the pur- 
pose of feeding, and the tj’pe of oil. Fortified oils are preferable to unfortified 
oils for use in high protein mash feeds (24 per cent and above). It is de- 
sirable to eliminate fish oils from chicken rations during the last two weeks, 
and from turkey rations during the last four weeks before the birds are sold 
for poultr)' meat. 
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Table 55 


INFLUENCE OF RANGE VS. CONFINEMENT 
ON POULTRY PRODUCTION * 


ObsemtioDi m»ile 

Coofinemnil 
(Bare Lot) 

Range 

(Crasa) 

Gronth of Barred Roeki to 2S xeeeks 



Av. weight (pounds) 

5.2 

5.5 

Peunds feed per pound gain 

6.1 

5.7 

Per cent mash of total feed 

72.9 

66.3 

Mortalitp (per cent) 

13.0 

6.4 

Per cent of pullets culled 

29.9 

5.8 

Layeri {Data for I 2 yean) 



Egg production (per cent) 

30.4 

41.1 

Feed per dozen eggs (pounds) 

9.5 

7.9 

Morlality (per cent) 

26.3 

29.3 

Hatchability (per cent) 

50.1 

77.7 


whites are more watery. While such eggs ate of lowci value from the stanif- 
point of market grade, they are of greater food value because of the higher 
vitamin A, D, and G content. 

Alfalfa. Alfalfa meal or hay is used as a substimte for green grass f“ 
birds kept in confinement and during the winter months. It U fed primstil? 
to supply vitamins A and G, but it also supplies other vitamins, proteins, and 
minerals. 

Alfalfa bay may be fed on che litter. Shanerings from the haymow nwy ^ 
fed smilar manner. The leaves contain most of the nutrients found in the 
hay T^c birds are able to pick out the leaves and leave the unpalatable stems 
and blossoms. ^ 

Clover aitd soybeon hoy may be used as substimtes for alfalfa hay. They * 
not make satisfaaoiy meals because of the large amount of stems. Soyb^ 
hay leaves are even more palatable than alfalfa leaves. Third^utting alftf* 
hay ,s mote samfaao^ for ponlny Uian first or second cutting because it « 
''r Brasses, and weeds. A hundred hens 

alfalfa hay daily when kept in confinemenc 
carotene Ps ““ '“8^“ -‘''W' ' tLn sun.cnred hay. Th' 

G 'V, «> ten times as great and the vimutn 

md b,Zl,r/ , 7’”' tun-cured produS. The alfalfa is 

mssri t’rytr. h is run dnough a cuner, 

“8 .ttgrated inm fine and coarse ntaterial, pound 

to^m.11, and sacked. The time required for 4e green hay to be changed 
‘Tenn. So Bel. 185, 19-13, 188, 1944, 
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minerals. The concentrated product is mixed with soybean meal and other 
products and sold as a vitamin concentrate under various trade names. 

Liver meal. Pork liver is an excellent source of vitamin G and other vita- 
mins of the B-G complex. Liver meal from other sources is of lower vitamin 
potency. The method of production of liver meal also affects its vitamin 
potency. There is a very limited amoimc of high-quality liver meal available 
for use in poultry rations. 

Fish solubles. Condensed fish solubles is the product obtained by con- 
densing the water resulting from the hydraulic extraction of oil from fish. 
It is a good source of B-complex vitamins including B 12 . 

Yeast. Yeast is an excellent source of vitamins Bj and G, and irradiated 
yeast is also a good source of vitamin D«. It is usually more economical to 
supply the vitamin needs of poultry by the proper selection of feedstuff's for 
the ration than to add yeast. The vitamin content of yeast varies within wide 
limits, depending on the kind of yeast, the method of production, and the 
purity of the product. 

Distillers’ solubles. Distillers’ solubles and distillers’ grains with solubles 
are good sources of riboflavin and other B-complex vitamins. They also con- 
tain 25 per cent or more protein, some minerals, and other nutrients. 'They 
may be used to replace milk products, liver meal, alfalfa, or yeast as a source 
of riboflavin and other B-complex vitamins. Distillery by-products may be 
fed in amounts up to 10 per cent of the ration. 

Miscellaneous Veedstuffs 

There are some substances used in poultry rations that are either hard to 
classify or are of questionable nutritive value. These include succulent feeds, 
grit, charcoal, and tonics. 'Things having an influence on the vitamin D needs 
of poultry rations include sunlight, glass substitutes, and ultraviolet light. 

Succulent feeds. Succulent feeds are palatable but are high in water con- 
tent and low in nutritive value. Laying hens should be limited to about two 
to four pounds of succulent feed per hundred birds daily. The use of larger 
amounts may result in the production of poor-quality eggs with watery 
whites. 

Yelloiv carrots are a good source of vitamin A. *rhe yellow color of carrots 
is due to carotene (provitamin A). It does not influence shank, fat, or egg 
yolk color. 

Kale is used as a succulent feed in the Pacific Coast states. While it belongs 
to the cabbage group of plants, it forms no head and all its leaves are green. 
Kale is a good source of vitamins A, B,, and E. 

Lettuce is a good source of vitamin A. It should be fed while still retaining 
its crispness, as badly wilted lettuce may cause harmful results. 

Latvrj clippings are an excellent source of the known vitamins except 
vitamin D. If the lawn is irrigated, fertilized, and mowed frequently, the 
yield of clippings will equal or exceed that of other green feeds and at the 
same time furnish more vitamins. 
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Tabu 56 


RELATIVE EFFICIENCY OF FISH OILS AND STEROLS 
WHEN COMPARED ON THE SAME RATE UNIT BASIS AS 
A SOURCE OF VITAMIN D FOR CHICKS * 


Source of 0x1 


ReUlive EficienCT Conptfcd 
wjth Cod Liver O.l 


0x1 liver oil (control) 100 

Halibut 86 

Tuna, blue fin (Calif.) 16 

Tuna (New England) 81 

Tuna (Oriental) 65 

Albacore 61 

California bonito ’ 28 

California mackerel 120 

Swordfish 151 

Black sea bass 109 

White sea bass 314 

Sable fish 162 

Basking shark 162 

Dogfish 230 

Sardine 109 


Irradiated ergosterol 3 

Irradiated cholesterol 103 

Green grass, alfalfa meal, yellow com, and corn gluten meal may be use^ 
to supply sources of vitamin A in the place of fish oils. Sunshine, D-activated 
animal sterol, or ultraviolet lights may be used as substitutes for fish oils to 
supply vitamin D. 

Fish oils should be purchased on the basis of vitamin content and not o” 
e price per pound or per gallon. Reliable companies guarantee the vitamin 
coment o en oils. The potency of the oils is given on the containers, 
J^acltvat^ anitMl sterol. Ihei is a product with strong vitamin D 

SwT f '’5' ncn'mioa of a sterol fiaaion of animal origin 
ultraviolet light or other ’ - • - ^ 


means. It may be used to increase the vitaffUB^ 


md sSd a d” T’’ other feedstuff as a cam" 

reicin 1 ^ fo™ of -“nin D is 

a Siy ilS ■' “ !*' ““ of vitamin and does not ba« 

soilS'5 w^iiTc'^w*’’" manufacture of cheese, is a 

It mav be u-xM u about 1.5 times the amount found in 

thhds aTm^rL^ "''T in poultry rations, using 

meal or some other^n ^ niaking up the difference with soybean o 

concentrated in G content of whey is 

__^ated m some products by removing rhe lactose and some of 
*Bi!b. 1937. 
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Glass substitutes. Glass substitutes are available which will permit the 
passage of some ultraviolet rays of sunlight, which ordinary window glass 
shuts out. The amount of ultraviolet light which will pass through the glass 
substitutes is influenced by the mesh or porosity of the materials. Products 
with a wire base, resembling fly screen, will permit the passage of more bene- 
ficial rays than products having a fine mesh, such as cloth materials. The 
products are not very durable. They collect dust easily, and this inhibits the 
passage of ultraviolet light. Furthermore, the window space and arrangement 
are generally inadequate for the entrance of sufficient sunlight to supply all 
of the vitamin D needs of birds kept in confinement. 

Ultraviolet light. Ultraviolet lights are available which produce bio- 
logically effective ultraviolet light. The efficiency of these lights will depend 
on construction, size, distance from birds, and length of time they are used. 
UltcavLolet lights have not been, very practical for poultry raisers to date. The 
original cost is high, the life of the light is relatively short, and the current 
consumption is usually high. The lights must be burned several hours during 
the day if hung over the feeders and waterers. This is necessary to make sure 
that aU the birds have come under the lights to eat and drink and have been 
there long enough to absorb a sufficient quantity of the ultraviolet rays. 

Electric light bulbs are available on the market which transmit some ultra- 
violet light. They may be used in battery brooders to supply light, heat, and 
ultraviolet light. The chicks are close to the lights at all times in the brooding 
compartments of the battery brooders. 

Pormulating Rations 

When the nutritive requirements of poultry and the nutritive value of feed- 
stuffs are known, it is a comparatively simple task to formulate poultry ra- 
tions, Since there are a great many poultry feedstuffs, an unlimited number 
of satisfactory rations may be formulated. In choosing a ration for a given 
purpose, one needs to keep in mind the nutritive requirements, the avail- 
able feedstuffs, their supplementary value when fed in combinations, the 
price, and the system of feeding to be used. Nearly every feeder has a differ- 
ent set of conditions. A suitable and economical ration for one farmer may 
not be the most economical for his neighbor. The feedstuffs available on the 
farm or in the community are important in determining the ration and system 
of feeding that should be used on any given farm. 

Price and availability of ingredients. The price and availability of in- 
gredients will have a marked influence on the choice of feedstuffs. 

The carbohydrate feedstuffs arc abundant and cheap. The price is generally 
lowest about ha^^•est time and increases slightly during the year. In the Corn 
Belt, more corn is used than any of the other cereals in poultry rations. In the 
Nonhwest, wheat and its by-products are plentiful and are used in larger 
amounts than in other parts of the country. In the Southwest, the sorghum 
grains grow well and are used to replace part of the cereal grains generally 
used in poultr)* rations. In some of the nonhern states barley is used in place 
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Rape is a good source of vitamin A, but not so palatable to poultry as ka)^ 
If it is cut below the crown, it may be harvested several times during 


Sprouted grains are sometimes used to supply green feed during the winter 
months. Sprouting grains does not inaease their nutritive value. Alfalfa meal 
has largely replaced sprouted grains in poultry rations in recent years. 

Beets, mangel worzels, and other closely related vegetables have been gro^u 
T nnnlfrv Tuinror mnnrKe Inw in fOod value 


for feeding poultry during the winter months. They are low in food 
and of little importance in the ration. 


Cabbage is sometimes fed to poultry during the winter months. It supply 


vitamin Bj, and the outer leaves arc a source of vitamin A. Cabbage, U ^ 
beets, contains much water and only a small amount of nutrients. Tbese arc 
supplied in adequate amounts by other feedstuffs in the ration. 

Grit. The term "grit” is usually intended to refer to hard, insoluble mm 
erals, such as mica. Limestone and oyster shells are also referred to as 
There are those who hold that hard, insoluble grit is necessary or desirable for 
aiding the gimrd in grinding feed. Others believe that hard grit is unneces- 
sary in the ration of poultry, maintaining that oyster shell and limestone gr'^ 
wiU serve for grinding purposes and at the same time provide needed calcimf* 


It is the opinion of the authors that hard, insoluble grit is not necessary m 
^ objealon to putting out mica or other hari m* 


soluble grit along with limestone or oyster shell grit in separate contaio®^ 
Birds should not be forced to eat grit by placing it on top of the feed. A ** 
of hard, insoluble grit wiU last a flock of birds a long time if limestone and 
oyster shells are kept available. 

C^rcoaL Charcoal has very little more value than sawdust. There is no 
coKlusJve experimental evidence for justifying its use in poultry rations. 

Tomes. Poultry tonics are of questionable value. They are supposed » 
stimulate appetite and by increased feed consumption result in better growth, 
pr^uction. or hatchability Some of the tonics sold on the market are tio- 
I^latable and do more harm than good. Many of them are based on theory afd 
carefully controUed feeding tests W‘* 
poult^. In most cases at least, a good ration is the best tonic and milk or 6sh 
meal is the best ingredient. 

*“"'‘8'’' “PpIiK the yiamin D factor needed by pooltty by 
™ ■" "" *>■> o' the bird. Btposure of the skin to oli«- 

molet tays of sunlight gives its cholesterol vitatnin D properties. Summer SOO' 
fieW ravTrf "'“'oe sunlight. The chicken receives the bent; 

the L Wml "‘”''8'" *'ough the skm of the face and comb. Feathers shut out 
t 'o tonlight needed tvill depefJ 

*e vL ^h 'oe tthich they L kept, the season o' 

the jeat, he ration fed, and the locality in whlr/.v ' - ' ' - ^ 


I *e telity in Icepc Tb' 




Breeding hens will need more sunlight than chicks. Oouds, smi 


f , o *»*■» uccu more 

tnd log shut out some of the ultraviolet 
acncy. 


rays of sunlight and reduce its 


efi' 
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Glass substitutes. Glass substitutes are available which will permit the 
passage of some ultraviolet rays of sunlight, which ordinary window glass 
shuts out. The amount of ultraviolet light which will pass through the glass 
substitutes is influenced by the mesh or porosity of the materials. Products 
with a wire base, resembling fly screen, will permit the passage of more bene- 
ficial rays than products having a fine mesh, such as cloth materials. The 
products are not very durable. They collect dust easily, and this inhibits the 
passage of ultraviolet light. Furthermore, the window space and arrangement 
are generally inadequate for the entrance of sufficient sunlight to supply all 
of the vitamin D needs of birds kept in confinement. 

Ultraviolet light. Ultraviolet lights are available which produce bio- 
logically effective ultraviolet light. The efficiency of these lights will depend 
on construction, size, distance from birds, and length of time they are used. 
Ultraviolet lights have not been very practical for poultry raisers to date. The 
original cost is high, the life of the light is relatively short, and the current 
consumption is usually high. The lights must be burned several hours during 
the day if hung over the feeders and waterers. This is necessary to make sure 
that all the birds have come under the lights to eat and drink and have been 
there long enough to absorb a sufficient quantity of the ultraviolet rays. 

Electric light bulbs are available on the market which transmit some ultra- 
violet light. They may be used in battery brooders to supply light, heat, and 
ultraviolet light. The chicks arc close to the lights at all times in the brooding 
compartments of the battery brooders. 

Formulating Rations 

When the nutritive requirements of poultry and the nutritive value of feed- 
stuffs are known, it is a comparatively simple task to formulate poultry ra- 
tions. Since there are a great many poultry feedstuffs, an unlimited number 
of satisfactory rations may be formulated. In choosing a ration for a given 
purpose, one needs to keep in mind the nutritive requirements, the avail- 
able feedstuffs, their supplementary value when fed in combinations, the 
price, and the system of feeding to be used. Nearly every feeder has a differ- 
ent set of conditions. A suitable and economical ration for one farmer may 
not be the most economical for his neighbor. The feedstuffs available on the 
farm or in the community are important in determining the ration and system 
of feeding that should be used on any given farm. 

Price and availability of ingredients. The price and availability of in- 
gredients will have a marked influence on the choice of feedstuffs. 

The carbohydrate feedstuffs are abundant and cheap. The price is generally 
lowest about harvest time and increases slightly during the year. In the Corn 
Belt, more corn is used than any of the other cereals in poultry rations. In the 
Northwest, wheat and its by-products are plentiful and are used in larger 
amounts than in other parts of the countf)’. In the Southwest, the sorghum 
grains grow well and arc used to replace part of the cereal grains generally 
used in poultr)’ rations. In some of the northern sutes baric)' is used in place 
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of most of the corn because it grows well and because the season is too s^ 
for corn. These and other available facts illustrate that the carbohydrate fw* 
stuffs may be varied within wide limits, depending on price and availability- 
The protein feeditugs, especially the animal protein feedstuffs, are 
sive. Dried milk is the most expensive of the group. Soybean oil meal is tM 
cheapest. There is a supplementarj’ effect among the animal and vegetable 
protein feedstuffs. The economical procedure is to use as much vegetable pro- 
tein feedstuffs and as little animal protein feedstuffs as possible withoat 
lowering the value of the ration. There is often a tendency to feed too hctle 
protein and too much grain because of difference in price and availability* 
The mineral feedstuffs are cheap and readily available. The fowl can 
only a limited amount of minerals. There is often a tendencj' to use too mum 
minerals, especially limestone, in poultry rations because they are cheap- 
The vitamin feedstuffs are generally expensive. Fortunately only small 
amounts are used. Fish oil, milk, and dehydrated alfalfa leaf meal are tte 
chief products used. Single vitamins such as carotene, irradiated animal stemk 
riboflavin, and vitamin Bjj are now being added to replace these feedstufc 
They are used in rations for confined birds to take the place of greefl 
range and sunlight. Rations may be cheapened by providing birds with gttca 
grass range and replacing the oil and alfalfa by one of the cereal graiitf 
part of the milk by one of the cheaper protein feedstuffs. , 

^ Seleaion and balance of ingredients. The number of ingredients usw 
m a ration U not a true measure of the value of the ratioa Simple ratioos, 
consisting of sbe or eight ingredients, are often as valuable or evea more 
so than complex rations consbting of a dozen or more ingredients. It is tree 
that variety adds to paUtability and increases the chances of making goo^ 
deficiencies found in certain feedstuffs. provided the materials chosen 
palatable and have a supplementary effect. For instance, a grain mixture ot 
corn, ^eat, and oats is not improved by addmg barley, buckwheat, and ryc 
to It. latter grains are not so palatable and do not supply anything uo* 

supplied by corn, wheat, and oats. t't } J 


constitute 75 to 90 per cent 


of 


The arbohydrale feed, lags generaUy 

to use at least thiee'cera'l pate id by-prodo® 
2es gene “uf™" by-products ate the 

tatte ““btute from 10 to 20 per cent ot 

ZSn o^„ °° bird. Meat scraps or fish io.1, ^ 

0 “bnal protein 

ISsl fS. “bout 25 per cent o£ the total protein fe^d- 

su* L are supplied by the use of antoal protein feedsnrf^ 

pet cent level “ generally added to the ration at a 0. 

m'nS mSSre^nos^'^ “"““““e for laying birds. A stapk 

five or six oouni M of “ P°“>f 


^'gaoible ptotem used. 


Vttamtn feedstuffs 


2 re fed to birds m confinement to supply vicamiu^ ^ 
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tained by birds on green grass range. Alfalfa and milk or distillers’ solubles 
are used at about 5 per cent levels to supply the vitamins A, B, E, G and the 
less well known ones found in grass. Fish oil or D-activated animal sterol is 
generally fed as a substitute for sunshine. 

The University of Maryland has suggested poultry ration formulas by 
ingredient percentage for various purposes and manners of feeding. These 
recommendations are summarized in Table 57. 


Table 57 



We have calculated the vitamin A, D, riboflavin, and the calcium and 
phosphorus requirements for mash feeds fed for different purposes and by 
different systems of feeding (Table 58). The calculations are based on the 
National Research Council recommendations (Table 51) and the use of a 
grain mixture, consisting of yellow corn 50 per cent, wheat 25 per cent, and 
oats 25 per cent, whenever required. 


Methods of Peeding 

Having seleaed the feedstuffs and amounts to be used, there are several 
sattsfactor)’ ways of feeding them. These include free choice of ingredients, 
free choice of mash concentrate and grains, mash and limited grains, and all* 
mash. 

“Md. Exp. Sta. Mim. Pub., Feb. 1955. Poultry Raitoni. 
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Tabu 58 


MINERAL-VITAMIN REQUIREMENTS* PER 100 POUNDS OF POULTRY HASH 


P»OTtI!C Pe» Ce»t 


Mihebali 

VrTA».«. 

Prirosc 

Lbt.or 

Ca 

Pcf Cent 
Pho*. 

A 

U.S.P. 

Usiu 

D 

A.OAC. 

Uniu 

Ribo4»»'* 

MilLp>=» 

18 

Starter 

1.0 

.6 

200.000 

18,000 

160 

18 

Breeder 

3.7* 

1.0 

440,300 

75.000 


20 

Starter 

1.0 

.6 

200,000 

18,000 


20 

Breeder 

4.7* 

1.2 

516,600 

91.500 


22 

Breeder 

5.7* 

1.4 

588.900 

115,400 


24 

Turkey 

2.0 

1.0 

400.000 

80,000 



Breeder 

6.7 • 

1.6 

666.000 

136,400 


26 

Breeder 

7.7 • 

1.8 

735,200 

155,200 



Breeder 

8.5* 

1.9 

801,000 

173,100 

379 


Breeder 

9.7* 

2.2 

884,100 

195,700 



Breeder 

106* 

2.3 

952.60) 

214,300 

459 


•Mottoftke«lci«n.h<»iab«.uppl,«Jbyk«i«og«,th«oytterifc.llorljme.lonfP,t.r..UbUforti'k«* 


Free choice of ingredients. Feedstuffs commonly used in mixed poul^iy 
rations tnay be fed free choice to poultry. This system permits birds to W' 
ance their ration according to individual needs, eliminates mixing, and te- 
suits in a cheaper ration. The chief disadvantage U the extra labor in feeding 
the separate ingredients. 

Chickens, like people, differ In individual nutritive requirements. 'Tbe 
n^ vary with the rate of growth and egg produaion. It is wasteful to feed 
“ suitable for a bird that will lay 250 eggs in a year when 
the bird will only Uy 100 eggs. The sheU requirements ha^Iong been taken 
of by^rmitting birds free access to shells in hoppers. The protein and 
much the same manner as the mineral needs. 

“““y feedstuffs will balance their ration ac- 
59). The same is true of laying he^- 
toSin^n^ obtained with birds receiving grains and taJk 

to^mk or free access to feedstuffs (Table 60) 

Sral? 8'"™' 

grain, sell cream, and have range for the flock 

varriTctoiTaho rS'' ‘‘■'d grains. Mash protein concentraW 

ing fr^ choice whh protein content are available for 

X W "■'h grains to make a mash feeJ 

M isltobl T “ a^Il-mash feed. If the mart 

(Table 61) The biwk^h results when fed free choice with 

eemin “tint^hel ± 1 ™™ ■<= balance the protein, ani <0 a 

Birds in high production accordance with the rate of production- 

than old hens m birds m tow 

nates the giindm'g a°nd'^i„?^^" i?"* Sram system of feeding el^'' 
fe a muting of about 67 to 79 per cent of the ration. Tn« 
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Table 59 

SELECTION OF FEEDSTUFFS BY CHICKS WHEN GIVEN FREE CHOICE ’ 


PEtcENTACE Consumed. Fimt Fite Weeks 


Ground corn 
Com feed . . 

Homin 

Gluten feed... 
Rolled wheat. 
Ground wheat 
Wheat germ. . 

Bran. 

Shorts 

Crushed oats 

Ground oau 

Breakfast oat meal. 
Pinhead oat meal. . 

Rolled groats 

Banner oat feed. . . . 

Oat dust 

Rolled barley 

Ground barley 

Pea meal 

Soybean oil meal.. . 

Ground rice 

Liquid milk 

Semisolid milk 

Skim milk, powder. 
Buttermilk, powder 

Beef scrap 

Cod liver meal.. . . , 

Fish meal 

Oyster shell 

Granite grit 

Bone meal 

Chick starter 

Alfalfa meal 


Cod liver oil (pints per 
100 lbs. feed) 



mash may be used as an albmash turkey starter or mixed with about an 
equal amount of corn meal to make an albmash chick starting and growing 
ration. This mash may serve as an aI/-purpose poultrj' mash f^. 

The free choice of mash concentrate and grain sj’stem of feeding is in- 
creasing in popularity. It permits the birds to balance their own ration and 
therefore simplifies the poultry feeding problems. It is economical and adapt- 
able to the feeding of aU kinds of poultry. 


^Graham, 1932. 
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Table 60 

A COMPARISON OF THE ALL-MASH AND FREE CHOICE SYSTEMS OF FEEDING 
FOR PULLET EGG PRODUCTION * 


Eccs Axo Feed. 

100 LicBosn Petsm 
(16 WIESS) 

*6 Red Pt-iLET. 
f34 WfEEE.) 


Atl-Ma.1. 

Free Choice 

Atl-M.»h 

Free Chotce 

Eggs per bird 

131 

139 

112 

lOS 

Feed per bird (lbs.) * . . 

60 

61 

59 

56 

Com (per cent) 

52 

19 

52.5 


Wheat 

0 

60 

0.0 


Bran 

5 

0 • 

5.0 


Middlings 

20 

0 

20.0 

0.0 

Oats 

10 

9 

10.0 

23.1 

Meat scraps 

10 

7 

80 

6A 

Dried milk 





Salt 

1 

0 

.5 

0.0 


• Bird, were confined to im.Il j-.rd. »nd led chopped *U»U. h.y .nd oyiter ihelU ad libitum. 


Table 61 

THE INFLUENCE OF METHODS OF FEEDING ON ECO PRODUCTION, POUNDS 
OF FEED AND FEED COST PER DOZEN EOCS ’ 







Klethod of Feeding 

Ecp per Bird 

PoDsdi of Feed 
per Dozea Egg. 


All-mash 

Mash and limited grain in 

118 

6.3 

11.5 

Liter 

Mash and Hmited grain in 

113 

5.4 

9.4 

hoppen 

Mash, pellets at noon, and 

136 

5.3 

9.2 

limited grain in the Utter 
Mash concentrate and 

141 

5.4 

9.5 

grains free choice . 

150 

4.9 

S.6 


and hmued grains. Onn of rhe most widely used systems of led- 
mg hyets during the past several years has been the feeding of about an 18 

Worn';? T'/'n'T Thn mash feed is kept 

Wo e he buds aU the tnne and about an e,ual amount of grain is fed. Ik' 
n^t S'"- “ dean up, late in the aftet- 

and oats. . ^ 

tea* rL'"''* “ “ *ick starter. As the bn* 

la^ng^a^’ »■' Ptotein level and mate a sutoW' 

_£b^h and limited grain ration requires the grinding and mhtinS 

Univen.ty, uopaHUhed data. 

Kobemon, Carrer, and Cook. 1939. 
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Table 62 


MASH AND GRAIN FEEDING TO MEET THE PROTEIN REQUIREMENTS 

(15 per cent) for Egg Production 


Protein Content of Math 
(Per Cent) 

Grain • 
Per Cent 

^{ath 
Per Cent 

IVoteia Content of Math 
(Per Cent) 

Per Cent 

Math 

Per Cent 

18 

40 

60 

26 

71 

29 

20 

53 

47 

28 

74 

26 

22 

61 

39 

30 .. 

77 

23 

24 

67 

33 

32 

79 

21 


* Bated on a grain mixture of yellow com 50 per cent, wheat 25 per ceoc, and oats 25 per cent. 


about 50 per cent of the ration (Table 62). It requires a good knowledge of 
poultry feeding. Otherwise, the feeder may feed too much grain for satisfac- 
tory growth or egg production. 

All-mash. In the all-mash system of feeding, all of the feedstuffs eaten 
are ground, mixed, and fed as a single mixmre. The ration is based on the 
requirements of the birds that need the most nutrients. There is no chance 
for the birds to vary their diet according to likes or needs. This system of 
feeding requires the grinding and mixing of all the ration. Ground feeds 
are not so palatable and do not retain their nutritive value so well as un- 
ground feeds. 

The all-mash system of feeding is desirable for starting and growing chicks 
because it involves less labor, '^^en the birds become older, the feed con- 
sumption much greater, and the individual needs more pronounced, one of 
the grain-and-mash systems of feeding is more economical. 

The all-mash system of feeding is desirable in nutritional experimental 
work where the consumption of ingredients should be kept in constant ratio. 
It is also satisfactory in battery feeding of birds, where feeding space is at 
a premium. The all-raash system of feeding results in the production of eggs 
of more uniform yolk color and white consistency. However, even on the 
same ration the eggs from different individuals vary within wide limits as 
regards internal appearance. 

Wet mash. Wet mash is sometimes fed as a supplement to the dry mash 
feed to increase palatability and stimulate feed consumption. Chickens pick 
over mash feed and it dries our in the hopper and becomes unpalatable. If 
the top dry mash in the hopper is scraped off, mixed to a crumbly mass with 
water or milk, and fed in small amounts, it is relished by birds. Wet mash is 
more palatable and of greater nutritive value when mixed with milk than 
when mixed with water. Layers may be fed as much wet mash as they will 
clean up in about ten minutes. An excess of wet mash should be avoided. It 
may become sour, moldy, caked, or unpabtable. Wet mash is usually fed to 
layers about the noon hour or about ten o'clock in the morning and about 
three o’clock in the afternoon. It is sometimes fed to broilers in addition to 
the drj* mash. 
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Table 60 

A COMPARISON OF THE ALL-MASH AND FREE CHOICE SYSTEMS OF FEEDlSG 
FOR PULLET EGG PRODUCTION * 



100 Lecro>k Pcixm 

(16 WSECI) 

46 Rid petten 

lU WEIXS) 


All-Muh 

Free Choice 

All-M«h 

Free Choice 

Eggs per bird 

151 

139 

112 

105 

56 

27.4 

39.1 

0.0 

0.0 

23.1 

Feed per bird (lbs ) * . . 

60 

61 

59 

Com (per cent) 

52 

19 

S2.S 

Wheat 

0 

60 

00 

Bran 


0 • 

5.0 

Middlings 

20 

0 

200 

Oats 

10 

9 

10.0 

Meat scraps 

10 

7 

8.0 

6.4 

4.0 

Dried milk 

2 

5 

4.0 

Salt 

1 

0 

.5 



• Birdt »«re confiiwd to tmill yardt and f«d chopped alfalla bay and oyiter abelU ad Ubitum- 


Tai/^ 61 


THE INFLUENCE OF METHODS OF FEEDING ON EGG PRODUCTION, POUNDS 
OF FEED AND FEED COST PER DOZEN EGGS ’ 





__ J-S 

Method o{ feediBg 

Ear* per Bird 

Poondi of Fred 
per Doses Erst 


AlLmath 

Mash and limited grain in 

118 

6.3 

I1.S 

Utter 

Maih and limited grain in 

115 

5.4 

9A 

hoppers 

Mash, peUets at noon, and 

136 

5.3 

9.2 

limited grain in the Utter 
Mash concentrate and 

141 

5.4 

9.5 

grains free choice . . 

150 

4.9 

8.6 ^ 


^^sh and limited grains. One of the most widely used systems of 
mg layers during the past several years has been the feeding of about an t» 
to 20 per cent protein mash feed and limited grain. The mash feed is kep^ 
More the buds all the time and about an equal amount of grain is fed- 
buds am given about as much grain as they will clean up, late in the af«^' 
no^ The gram mixture generally consists of corn, wheat, and oats. . , 
The mash feed may be used as an all-mash chick starter. As the birds 
reach maturity, gram is fed to reduce the protein level and make a suitable 
laying ration. ^ 

The m ash and limited grain ration requires the grinding and rnixiog 
•Ohio State UniTCTsity. unpublished data 
Kobemofl, Orver. and Cook, 1939. 
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MASH AND GRAIN FEEDING TO MEET THE PROTEIN REQUIREMENTS 

(15 per cent) lor Egg Production 



Grain* 

Math 

Protein Content of Mash 


Mash 

(Per Cent) 

Per Cent 

Per Cent 

(Per Cent) 

Per Cent 

Per Cent 

18 

40 

60 

26 .. . 

71 

29 

20 

S3 

47 

28 . 

74 

26 

22 

61 

39 

30 .. .. 

77 

23 

24 

67 

33 

32 

79 

21 


• Bated on a grain miitnrc of yellow com 50 per cent, wheat 25 per cent, and oau 25 per cent. 


about 50 per cent of the ration (Table 62). It requires a good knowledge of 
poultry feeding. Otherwise, the feeder may feed too much grain for satisfac- 
tory growth or egg production. 

All-mash. In the all-mash system of feeding, all of the feedstuffs eaten 
are ground, mixed, and fed as a single mixture. The ration is based on the 
requirements of the birds that need the most nutrients. There is no chance 
for the birds to vary their diet according to likes or needs. This system of 
feeding requires the grinding and mixing of all the ration. Ground feeds 
are not so palatable and do not retain their nutritive value so well as un- 
ground fee^. 

The all-mash system of feeding 1$ desirable for starting and growing chicks 
because it involves less labor, ‘'^en the birds become older, the feed con- 
sumption much greater, and the individual needs more pronounced, one of 
the grain-and-mash systems of feeding is more economical. 

The all-mash system of feeding is desirable in nutritional experimental 
w’ork where the consumption of ingredients should be kept in constant ratio. 
It is also satisfactory in battery feeding of birds, where feeding space is at 
a premium. The all-mash system of feeding results in the production of eggs 
of more uniform volk color and white consistency. However, even on the 
same ration the eggs from different individuals vary within wide limits as 
regards internal appearance. 

Wet mash. Wet mash is sometimes fed as a supplement to the dry mash 
feed to increase palatability and stimulate feed consumption. Chickens pick 
over mash feed and it dries out in the hopper and becomes unpalatable. If 
the top dry mash in the hopper is scraped off, mixed to a crumbly mass with 
water or milk, and fed in small amounts, it is relished by birds. Wet mash is 
more palatable and of greater nutritive value when mixed with milk than 
when mixed with water. Layers may be fed as much wet mash as they wdll 
clean up in about ten minutes. An excess of w’et mash should be avoided. It 
may become sour, moldy, caked, or unpalatable. Wet mash is usually fed to 
layers about the noon hour or about ten o’clock in the morning and about 
three o’clock in the afternoon. It is sometimes fed to broilers in addition to 
the dry mash. 




Poultry: Science and Practice 

The feeding of all of the mash feed in the form of a wet mash involves 
too much labor in feeding chicks and hens. However, it is the s)'stem geo 
erally used in fattening poultry (p. 324). r it iris 

Pellets. Mash feed is now on the market in the form of pellets, 
forced through a press under high pressure and formed into pellets o v^ 
ing size. Pellets may be more palatable than some finely ground mash 
There may be some advantage in feeding pellets in range feeders, wh«e c 
wind may blow away part of the ground mash feed. The keeping qua u 
nutrients in the form of pellets may be better than in the form of 
ground mash feed. 

Preparation of mash feed in the form of pellets adds to the cost of 
tion. There is insufficient evidence at present to justify the use or peu 
poultry feeds. 

Artificial lights. Feeding for early rapid growth and fall egg prodi^*®^ 
of hens is closely cormected with the use of artificial light. It is us^ ^ 
lengthen the day to at least thirteen or fourteen hours, or even to a period o 
continuous lighting. 

Chicks make faster early growth when all-night light is used. It 
has a place in broiler produaion. The presence of light at night in the brooder 
house or battery room results in more comfort of the birds and less dan^r o 
piling. The birds can see to move about and secure feed when needed. 
tv.'enty*watt bulb is satisfactory in the ordinary colony brooder house. 

Hens may be made to lay more eggs m the late summer, fall, ^ f 
winter by the use of artificial light. If lights are used in the fall, spring egg 
production will be less. Lights have little inBuence on total yearly egg 
duaioQ. A time switch may be used to turn the lights on about three oclotf 
in the morning. All-night lights may also be used. A forty-watt bulb a 
sufficient for a pen that will accommodate about one hundred hens. The hg 
may be suspended over the feeders and water vessel or over the perches. 

Anificial lights may be used to help bold up late summer and fall pro- 
duction of yearling hens, shorten the molting period of hens, bring hens 
into production for winter-hatching eggs, check the neck molt and slump 
in fall produaion of early-hatched pullets, and hasten the sexual ma- 


turity of late-hatched and slow 


. maturing pullets. 

It was formerly believed that the chief benefit derived from the use of arn- 
ficial lights on layers was to increase the length of day. It was believed thj' 


this would result in greater feed and water 


gt^rer producioS Tea condiaarfatBhta State‘’uX.“^r.y'ta«*“" 

of to use of lights. Birds exptiil to hgW 


and consequently 


at night but deprived of feed and 


nxMvt* . ‘ j produced nearly as many eggs 

(Table 63). It is believed that th^ the laT' 


s believed that the diief bc^Ht 


0.0 ...nauiatel™: “I" — 



Feeding Practices 


311 


Table 63 

THE INFLUENCE OF LIGHT ON EGG PRODUCTION 


Light and ^fanagement Egg* per Bird 

No light at night 57 

Low light intensity at night 66 

Lights but no feed at night 85 

Lights and feed at night 88 


. Feeding for Growth of Chickens 
Feeding for growth includes rations and feeding practices for starting 
chicks, starting and growing broilers, growing and finishing pullets, cockerels, 
and growing capons. 

Starting rations. All-mash feed is generally used for starting chicks. The 
protein content is generally about 20 per cent for chicks that ate grown for 
farm replacement stock (Table 64). Broiler chicks are generally fed a 
higher protein (about 22 pet cent) and energy ration than fed to chicks for 
farm replacement (Table 67) in order that they grow more rapidly. The 
vitamin carriers generally supply enough feedstuff to bring the formulas to a 
ton. If not, the shortage may be made up with corn. 

The Southern States Cooperative open formula mash feeds are based on 
the recommendations of a college conference feed board composed of the 
agricultural college and experiment station workers in the southeastern sec- 
tion of the United States. Sufficient quantities of vitamin substances of 
known potencies are added to meet the requirements recommended by the 
National Research Council (p. 278). 

The New England College Conference poultry feed formulas are based 
on recommendations of poultry nutritionists at the land grant colleges and 
experiment stations in the territory. Coarsely ground wheat may be used to 
replace 200 pounds of corn on a pound for pound basis. On a nutrient con- 
tent basis barley is preferred to oats. Both barley and oats may be replaced 
by corn, if a higher energy level is desired. B-complex vitamins are supplied 
by 20 pounds of butyl fermentation products per ton, containing 113.5 milli- 
grams of riboflavin per pound; 40 pounds of yeast; or 40 pounds of dried 
whey plus riboflavin supplement to furnish not less than two milligrams per 
pound. A vitamin concentrate containing not less that 2 grams of riboflavin 
and 4 grams of pantothenric acid may be used to replace part or all of the 
fermentation products, and the total weight made up by adding com. 

The Quebec Provincial Feed Board poultr)' rations are formulated by 
nutritionists in the Provincial Government of Quebec and MacDonald Col- 
lege. They recommend three of the following grains; yellow corn, wheat, 
barley, oats, and mill feeds. Oats, if used, should be heav)' and not more than 
200 pounds per ton. Vegetable protein, preferably soybwn meal, should not 


‘“DiUn. 1938. 
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Table 64 

ALl^MASH STARTING RATIONS FOR CHICKS FOR FARM REPLACEMENT STOCK 

(Amount per ton) 


logredientj 

Soothcni 
States • 

New 
hogland t 

Quebec 1 L 

NatlooaJ 

AsttoBseed 1 


800^ 

1100# 

1074# 

540# 

^Tieat or by-product. Lbs 

200 

100 



Oats or barlcj*. Lbs 

ISO 



550 

Milo. Lbs 




Cane molasses. Lbs 

SO 




Animal fat. Lbs 

40 




D P P D (See p. 289). Lbs 


i 

120 

•300 

300 ■ 

Soybean oil meal. Lbs 

A75 

500 

Cittonseed meal. Lbs 



ioo 

Meat scrap. Lbs 

SO 


SO 

1 

Fish meal. Lbs 

so 

100 


^ielhiQnine. Lbs 




Limestone or oyster shell. Lbs. . 

30 

30 

40 


Bone meal or equiv. Lbs 

20 

24 



Iodized salt- Lbs 

10 

10 

20 


Manganese sulfate. Lbs 

) 

1 

i 


Alfalfa meal. Lbs 

100 

60 

60 


Dried milk or whey. Lbs 

Distiller’a dried solubles. Lbs. 

20 

SO 

40 

SO 

Brewers yeast. Lbs 


40 


Butyl fermentation product. Lbs. 
\\'heat germ meal. Lbs.. . 

Fish solubles. Lbs 

\^umm A. Million l.U. 


20 

100 

3.06 

so 

2.27 

Vitamin D. Million I.C.U. 
Riboflavin. Gms. . . 

Choline chloride. Gms. 

Niacin. Gms.. . 

Calcium pantothraate. Gms. 
Mumin du. Milligrams 

+ 

+ 

0.34 

284 

18 

.41 

1.2 

4 

100 

23 

10 

1 



6 

Antibiotic. Gms. 





Coccidiostat 


1 options 




800? 

440 

140 


+ 

20 

20 

10 

i 

100 


•|«ukrni Sut«Coop»riu»» Jiou.rj J|. I95S. 

I •'** I nrl»o4 CoUm Confrmce. loot 1954 

■ Ta»J P«,rA 1955 MkUomM Coflf^Ouebee. 

4 ^ (,„L 


ibufS^/fro 

! National Cotlonicad Prodnc.. 

Ohio LitniKiB Bttlimn }4> 1954 
Cora fsar be rincd to bnac the total n 


o 2000 ;ouBdi. 

CTC«d 75 per cent of the protein supplement added. Dehydrated alWh « 
«real grass may be used. Fish lis-er oil is used as a source of vitamins A ah 
D, and the potency recommended is 2250 I. U. of A and 300 I. CU- 
per gram. Antibiotic and/or vitamin B,, ate added according to the niin“' 
fictuters recommendations. ' , 

The National Cottonseed Products Association rations arc formulated 
in cooperation eeith nuitttionists at the bnd grant colleges throughout tw 
c^niry, and esp^ially m the southern stales. The cottonseed meal 
k degossjpcilired and 75 per cent nitrogen soluble. The San* tattoo '< 
"P'lovment and broiler chicks. . .,r. 

cno^!„° n° tKommended lor farm replacemfot chjtw 

con,aim .0 per ceni ptoiein Ground reheat may be substituted for 
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It middlings. A 17 per cent protein dehydrated alfalfa leaf meal is 
tnmended. Fish solubles are preferred to fish meal, and defluorinated 
phosphate may be used in place of bone meal, A high grade limestone, 
aining 95 per cent or more calcium carbonate, is recommended. Anti- 
ic and methionine ate added according to the manufaaurer s recom- 
dations. This usually amounts to 2 to 10 grams of antibiotic per ton for 
ulaiion of early growth (p. 257), and 1 pound per ton of methionine, 
ceding young chicks. Chicks should be provided with feed as soon as 
■ are placed under the brooder. The first feed is often placed on paper or 
case flats in order that the chicks may find it easily. Or, the chick feeders 
234) may be filled full for two or three days to accomplish the same 
pose, part of the feeder and waterer should be under the hover for the 
few days, especially if the brooder room temperature is much below 
F. Sufficient feeders should be provided so that at least half of the chicks 
eat at one time. After the chicks have become accustomed to the location 
he feed, the feeders should nor be filled more than about one-half full, 
jrder to prevent feed wastage. Feed and water should be kept before the 
Is all the time. The addition of a little fresh mash two or three times daily 
[ result in a little better feed consumption and growth than when fresh 
i is added only once daily. 

'hick feed consumption will vary with the energy and protein content in 
ration, the breed and sex of the chickens, and the rate of growth. One 
idred chicks will eat 10 to 20 pounds of feed the first week and 10 to 20 
mds additional each week for the first 10 weeks (p. 272). From 10 to 20 
?ks they will eat about 5 pounds additional feed each week. The faster the 
i of growth the greater the weekly feed consumption. 
the method of feeding may be varied according to the feedstuffs used, 
or costs, and likes of the feeder. Chicks will balance their ration and make 
isfaaory growth when given free choice of feedstuffs (Table 65). How- 
jr, chicks are generally started on all-mash feed to save labor. After the 
cks are six to eight weeks old, they are generally fed mash and whole 
lins free choice. Some poultrymen continue to feed the same all-mash feed 
one of about 16 per 'cent protein. 

W'hole grains fed with mash feeds generally consist of various combina- 
ns of two or more of the following: corn, wheat, oats, barley, and sorghum 
tins (Table 66). Price and availability are determining factors in the 
oice of grains. 

Broiler rations. Broiler rations generally contain higher protein and 
erg)’ and less fiber than regular starting and growing rations, ^me typical 
oiler mashes are listed in Table 67 and the New England ration in Table 
i. 

The Maryland ration is one of several recommended for starting and grow- 
g broilers in the Dcl-Mar-Va area. An antibiotic and arsenical are recom- 
ended for grot%'th stimulants and a coccidostat for the control of coeddosis. 
le drugs arc added according to the directions of the manufacturers. 

The Alberta ration makes use of mote wheat and less com in formulas 



314 


Poultry: Science and Practice 


Tabu 65 


GRO%VTH AND FEED CONSUMPTION OF CHICKS ON AN ALL-MASH AM> 
FREE CHOICE SYSTEM OF FEEDING 


JFtigkls 0} Birds 

Weight of pullets at four weeVs 

Weight of cockerels at four weeks 

Weight of pullets at eight weeks .... 
Weight of cockerels at eight weeks. . . 

Composition of Feed 

Cbm meal 

Wheat bran 

Wheat shorts 

Dried buttermilk 

Dried skim milk 

Meat scraps 

Alfalfa leaf meal 

Bone meal 

Salt 


Total Pounds 


166 grams 
178 
418 
464 


IS 

IS 

OO 

00 

00 

4 

1 


Fret Cboie* 


144 graDJ 
164 
379 
461 


39.4 

11.1 

29.3 

6.1 

4.8 

5.4 

.9 

3.0 

.2 

100.2 


Table 66 ^ 

SUGGESTED WHOLE GRAIN MIXTURES FOR FEEDING WITH MASH 


Yellow com 

Wheat 

Oats 

Barley. . . 


1 Nlixtom 

, 

1 1 

2 1 

3 

4 

5 J 


so 

50 

33.4 1 
33.3 ! 
33.3 

33.4 

33 3 

33.3 

25.0 

25.0 

25 0 
25.0 

500 1 

250 

25.0 

500 

2S0 


designed for use in the corn belt area. The ration contains 1 per cent insoluble 
gne 

The Iowa ration contains higher vitamin additions than recommended 
most of the other rations. The addition of 0.5 to 1 pound of the amioo ao 
methjonme is recommended per ton. 

rUWash,nsu„ ration contains fen-cr vitamin additions than l«<®' 
mended for the other rations in Table 67. 

recomm?^dll^f^*°^ broilers contains more energy and less 
recomme nded for farm repbeement chicks (Ohio radon in Tables 64 ^ 


“ Funk, 1932. 

” U. S. D. A. Grc. 788. 1948. 
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Table 67 


BROILER MASHES (Amount per ton) 


RECOHMEwtD ro« Use is 


IkCEEDIEKTS 

IwdTl) 

Alberta (2) 

Iowa (3} 

Washing, 
too (4) 

Ohio (5) 

Yellow corn. Lbs.* .............. 

1213 

400 

1135 

1294 

976 

Wheat and/or mids. Lbs 


697 

100 


100 

Oats and/or barley. Lbs 


200 




Stabilized animal fat or corn. Lbs. . 





SO 

Fish meal and/or solubles. Lbs. . . . 

i25 

60 

SO 

70 

60 

Dried milk or whey. Lbs 



50 



Meat scrap. Lbs 

100 

160 

100 


ioo 

Methionine. Lbs 



J to 1 


+ 

Soybean oil meal 

3S0 

3^ 

450 

510 

600 

Com gluten meal 

75 





Dehyd. Ahalla (l'/% prot.). Lbs. . 

40 


so 

50 

60 

Distillers dried solubles. Lbs 

SO 





Ground limestone. Lbs 

25 

30 

10 

30 

20 

Dvcalclum phosphate. Lbs 

12 


20 



Steamed bone meal or equiv. Lbs. 




40 

24 

Salt, iodized. Lbs. 

6 

10 

9 

6 

10 

Manganese sulfate. Lbs 


j 

1 

i 

} 

Trace mineral mix. Lbs 

i 





Insoluble grit. Lbs 


20 




Fish oil. Lbs 


n 




Vitamin A. Million I.U. 

3.6 


4 


3 

Vitamin D. Million I.C.U 

0.8 

0.75 

1.2 

6.3 

0.6 

Riboflavin. Grams 

4 

2 

4.5 

I 

4 

Niacin Grams 

25 

10 

20 


20 

Calcium pantothenate. Grams. . . . 

5 

6 

10 


4 

Choline chloride. Grams 

113 


454 


360 

Vitamin Uu. Milligrams. 

3 

+ 

5 


6 

Antibiotic 

+ 

+ 

+ 

+ 

+ 

Arsenical 

+ 




+ 

Coccidiostat . 

+ 






*The amount of corn mar be varied to make the total weight of logredienu equal a ton. 
fl) .Nfd. Ean. Sta. Mira. pub. Feb. I9SS. 

(J) Uftiv. of Alberta, hfim. Pub. March. 1955. 

0) Iowa Eap Sta. Mim. Pub. Feb. 1955. 

(4) Wa.h Lap. Sta. Mim. 1057. Revised Feb. 1955. 

(5) Ohio Eat. Bui. 343. 1954. 


67). Methionine, arsenical, and antibiotic additions are added according to 
the recommendation of the manufacturers. 

Feeding broilers. Broiler chicks are started the same as those used to 
produce pullets and cockerels for laying and breeding purposes (p. 315). 
For more rapid early growth only starting mash is usually fed until the birds 
are marketed. If the birds are to be marketed as large frj’crs or small 
roasters, grain is sometimes fed free choice with the mash during the last 
two weeks. In some instances, all night lights of low intensit)* are used. Com- 
mercial broiler chicks are raised with big numbers in a given pen. Automatic 
feeders (Fig. 124) are increasing in popularitj’ for use in broiler plants. 
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Growing rations. Rations for growing chicltens, from 
eighth week until about the sixteenth week, are generally jotter P 
than that used for starting them. Two general types or 
mash or free choice of mash and whole grains. The two t)*]^ o ^ 

vary in composition. Some typical growing mash formulas are 
Table 68. 


Table 68 

GROWING AND FINISHING MASHES FOR FARil REPLACEMENT STOCK 

(Amounts per ton) 


Cora. Lbt.*.. 

Wheat aod/or br-predaeu. Lbv . 

Oatt and /or barler. Lkt. 

Mila. Lb*. 

Meat lerip*. Lb*.. , 

Fuh sseeL Lb*. 

Dned Milk or vh«r. Lb*. 

Ssjrbees oeiL Lb*. 

Metbioiusc Lb*. 

AliiUt. debrdrtied. Lb*. 

Gtouad Cnettooe. Lb*. 

Bo«< tned or eqatr. lb*. . 

Silt, bdited. Lb*. 

Slia(*aete luUite. Lb*. 

Batyl termmtiuoo prod. Lbk. 
Diiiillert dned •eluele*. Lb*. 

Viunua A. MiUiDO 1 11 

\'iusua D. MUIioa LCU. 
RiboSiTU. frimi 
Cilcioraptstothmte. friQs* . 

N^tinim Bi*. hliUigrim* 

Cbolw Chlonde. fram* 

Anowe Ac*d. gram* 

Antibiooc. gram* 


Ten* 


ICO 

30 


U) New EngLiDd CoUere Cwnrace RjtMi lane 19Sf 
(}) Ootino Afncultsral College Ore. 142. 1954 
(4) Texia Eip Su. Mim. Pab Feb. 1955. 

Tie Mime, da growing mash is recommendri for feeding frw “i”? 
with grains to chickens 10 to 20 weeks of age on good range. Ti' 
contains 19 per cent protein. The mash and grain intake should be abou 
eqml when the chickens are about 15 to 16 weeks old. 

Tie Nen- EtigW growing mash may be used for birds in coo£n«“ 

“ a 16 pet cent protein all.mash ration. 

The Odarw growing mash formula contains mote alfalfa and pn>;^ 
when the birds are grown in con6nement rather than on range. Tbc ou® 
c^ain more sAeat, oars, and barley than rations used in .be com belt ^ 
ot^ Umted States. The buds should be fed about ecjual parts masb aW 
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The Texas ration may be used for growing and finishing birds on range 
and in confinement. Milo is used because it is a good grain crop in the 
southwestern part of the country. The 18 per cent protein mash is fed as 
an all-mash ration. 

Feeding growing pullets. After the pullets are six to eight weeks old, 
they may be changed to a growing mash. This may be an all-mash or one to 
be fed with grain (Table 68). The latter system is the more popular. It 
avoids the necessity of grinding and mixing all the feed. The mash and whole 
grains are kept before the birds at all times, until they reach sexual maturity. 
Then, they should be changed to a laying ration. Oyster shell or limestone grit 
should be kept available during the latter parr of the growing period. 

When good green grass range is available, the pullets may be fed a cheap 
low protein and vitamin ration. A grain-mash mixture recommended by the 
Ohio Experiment Station consists of whole corn or wheat 60, whole oars 10, 
ground corn 15, wheat bran 6, meat scrap 3, soybean oil meal 4, salt 1, and 
limestone or oyster shell 1. The birds obtain the additional protein needed 
from the green grass range. They also obtain the necessary vitamins from the 
range and sunlight. 

Feeding breeding cockerels. The cockerels should be separated from the 
pullets when four to eight weeks old. If the cockerels are to be sold for meat, 
they may be fed and managed the same as broiler chicks. If they are to be 
kept for breeding purposes, they may be fed a growing mash and grain free 
choice. The nearer they reach maturity, the more grain and the less mash 
they will consume. 

Feeding roasters. Chickens to be raised and sold as roasters, about four to 
seven pounds live weight, may be fed a growing mash and grain free choice 
after they are six to eight weeks old. They are generally marketed when 3-5 to 
5 months old. The larger they become, the greater the per cent of grain and 
the less the per cent of mash consumed. Since they are kept beyond the age 
of most rapid growth, more pounds of feed are required to produce a pound 
of roaster than to produce a pound of broiler or fryer. 

Feeding capons. Birds marketed as capons are usually five to seven months 
old. Since they are kept beyond the period of rapid growth, they may be fed 
free choice of a growing mash and whole grains. The pounds of feed required 
to produce a pound of capon is greater than for the production of a pound 
of broiler, frj'er, small roaster, duck, or turkey. However, if the birds are 
grown on good grass range and fed a ration consisting largely of grains, such 
as recommended by the Ohio Experiment Station, the feed cost of capon 
produaion is not great. 

Veedhig for Egg Production 

Feeding for egg production involves feeding for numbers of eggs, egg 
qualit)*, hatchabilit)', and control of molt and broodiness. The same tj-pc of 
ration may be used for all of the abo\*e purposes. However, the sj'stem of 
management is varied somewhat. It requires a better ration for the production 
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of hatching eggs than ^ 

“wteornTgSy^vailablc 

that will produce hatchable eggs even have 

;Ste?vLln r" pXlly r«u!t in 

70, and 71. 


Table 69 

LAYING MASH FORMULAS (Amounts per ton) 


Com. Lbs.* 

Barley and/or oats. Lbs 

Wheat and/or by-prod. Lbs.. 

Cane molasses 

Animal fat 

Meat scrap. Lbs 

Fish meal. Lbs 

Dried milk or whey. Lbs. . . 

Soybean meal. Lbs 

Alfalfa, dehyd. Lbs.. 

Dlst. dried solubles. Lbs. 
Bone meal or equlv. Lbs. 
Ground limestone. Lbs. 

Salt, Iodized. Lbs. 
Manganese sulfate. Lbs. 


Vitamin A. Million I.U. 
Vitamin D. Million l.C.U. 
Riboflavin. Grams 
Niacin. Grams 

Calcium pantothenate. Grams 
Vitamin Bu. hlilligrams 


n„'T 

KecouMi 

Marylstx^ 1 

Waahi®** 

Leglaad (I) 

States (2) 

All-n»*»H ’ 

tnth gfsio 1 

jnn 

U2S 

653 

1100 

736 

800 

100 

200 

200 

300 

150 

200 

200 

300 

480 

1 

30 





40 


100 


50 

25 

75 

50 

25 

80 

250 

500 

275 

420 

400 

75 

100 

SO 

100 1 

1 100 

50 

32 • 

40 

50 

90 

70 

60 

10 

i 

75 

40 

65 

30 

10 

18 

10 

20 

1 

i 


i 



3.63 

3.63 

1 

1 

1 

0« 

1 + 

0.6S 

; 1.36 


+ 


+ 

18 


10 



6 

+ 






* The scnoont of corn may be varied to make tbe total weight of iogtediei 

(1) New bnglaod College Conference Rationt June 1954 

(I) Southero Statea CoUegc Conference Feed Board Ratnni April 1955. 

<3) Maryland Eip Sta Rationt Feb 1955 

(4) V.a>hiDgtoa Ext. Mim. 1107 Feb 1955 


The Neuf England laying mash ointains 16 per cent protein and 
calories pet pound. It should be fed as an all-mash without additional 
The Southern States laying mash ojntatns 20 per cent protein- It *5 
signed to be fed with a limited amount of grain, approximately equal parts 
mash and grain. 
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Table 70 


BREEDING MASH PORAiuLAs (Amouiits per ton) 


Recouuevded roE Use in 


Ingredients 

1 New 

1 Southern 

1 States (2) 

[ Ohio (3) 

On- 

tario (4) 

' All mash 

j With grain | 


1125 

649 

1200 


300 

Oats and/or barley. Lbs 

1 100 

200 



300 

Wheat and/or by-prod. Lbs 






Animal fat. Lbs 


40 




Cane molasses. Lbs 


30 




Soybean meal. Lb 

17S 

400 

320 

400 

310 

Meat scrap. Lbs 

50 

100 

SO 

100 

70 

Fish meal a»d/or sol. Lbs. 

75 

50 , 

50 

50 

70 

Dried milk or whey. Lbs I 


20 

50 

SO 

60 

Alfalfa dehyd. Lbs ^ 

75 

12S 

80 

100 


Dist. dried solubles. Lbs 

SO 




1 

Butyl fermcn. prod. Lbs | 

25 





Bone meal or equiv. Lbs 

32 

40 

40 

60 

45 


75 

20 

+ 


40 

Salt, lodiaed. Lbs 

10 

20 

10 

20 

15 

Manganese sulfate. Lbs 

\ 

1 

{ 

1 

i 

Vitamin A. Million I U. 



1 

4 

11.3 

Vitamin D, Million LC.U. 

068 1 

+ 1 

1 

2 

0.74 

Riboflavin. Grams 


+ 

3 

4 

4 

Calcium pantothenate. Crams 



2 

4 


Niacin. Grams 

16 





Vitamin Bia Milligrams 

6 

+ ! 

12 

12 


Antibiotic. Grams 





4 to 20 


* Th« amount of corn may b« varied to make the total inftedienti weigh I t 
(U New England College Conference Rations. June 1954. 

(2) Southern States Coilese Confcreoce Feed Board Rations. Apr 1953. 

(3 Ohio Ext. Bui. 343. 1954. 

(4) Ontario Agr. Col. Circ. 1942A. 1954. 


The Maryland all-mash contains 16 to 17 per cent protein and should be 
fed alone, without additional grain. The other mash, to be fed with ccain, 
contains 20 per cent protein. The grain fed with the mash may vary irom 
40 to 60 per cent of the total feed intake, depending on rate of lay and 
weather conditions. 

The Washington laying mash feed contains about 20 per cent protein. 
It is to be fed with approximately an equal amount of grain. 

The Neff/ England breeder mash contains l6 per cent protein and should 
be fed w’ithout grain. 

The Southern States breeder mash contains 20 per cent protein. It should 
be fed with approximately an equal amount of grain. 

The Ohio breeder mashes are to be fed with oyster shell and/or limestone 
grit available at all times. No grain should be M with the high-energy all- 
mash. Approximately as much grain as mash may be fed with the 20 per 
cent protein mash. This will amount to 1 to 2 gallon of grain per 100 birds 
daily, depending on weather conditions, sire of birds, and rate of produc- 
tion. 
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Table 71 

MASH CONCEKTRATES (AmouHts per ton) 


Cora. Lb».* - • • 

Wheit middling* Lb« 
Oil* or barter- Lb». . • • 


Sorbean meat lit 

Coro gluten meal lia. 

Meat tcrap. li* 

Fi»h meal or fiA aoL Lb* 
Dried millt or »bey. li*.. 

AlUHa.dehyd.Lbi. .. . 

Bone meal or eqniT. lit. . . - • 

liraettone. lia 

Salt, iodaed. ti« 

Manganete lulfate. li* ... 


Vltirain A. MQImb I U 

VitaminD Million I CU.. ... 

mbotarin. Gini 

Calcium pantothenate. Gma.. 
VitimiB Bii. Milligram*. ... 
Anublotie. Gmi 


Southern Suiet (1) 


nl I?!?*'*' 


IS 


(1) ^tbere S'-..- — 

(j) Minm Eap Su ?— 14 June. i7ji. 

0) OhK) Ext. But. }4]. I9SL 

(4) Onuno Agr. Crc. l42A t9S4. 

The Ontario breeder mash is to be fed with about an etjual amount < 
grain. 


per cent protein. Each part of mash concentrate may be diluted with ^ 
parts of grain to make a laying mash to be fed with limited grain or 
2 to 3 parts of grain to make an all-mash laying ration. The broiler 
trate contains 38 per cent protein. Each part of concentrate may be dilut 
with 1 to 1.5 parts of grain to make an all-mash broiler ratioiL 

The Minnesota breeding mash concentrate contains 27 per cent proteio- 
It may be fed free choice with whole grains or mbced with ground grains to 
make mash feeds of lower protein content. 

The Ohio breeding mash concentrate contains 26 pet cent protein. It co^J 
be fed free choice with whole grains or mixed with ground grains to 
mash feeds of lower protein content. 

The Ontario breeding mash concentrate contains 35.8 per cent protein. 
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Feeding for control of molt. Birds do not molt and lay well at the same 
time. Early-hatched pullets generally lay well for a period of two or three 
months. TTien they show a neck molt which may become general unless pre- 
cautions are taken to check it. The practice used on some farms is to use arti- 
ficial lights at night. This will check the molt and hold up production for about 
a month or six weeks. Then when production starts down again, wet mash is 
fed once or twice daily. 

The molting of laying hens in the fall of the year, when egg prices are 
the highest, is another problem faced by poulrrymen. To avoid a molt or to 
hasten birds through it, the consumption of mash feed should be encouraged. 
The use of lights and wet mash will also be beneficial. Feathers are largely 
protein, and mash feed contains the nutrients for feather growth. Moistening 
the wet mash feed with milk is desirable because milk is a good source of 
amino acids that are essential for feather growth. Some poultrymen prefer 
feeding pelleted mash in place of wee mash in order to stimulate feed con- 
sumption. 

Some poultrymen force the hens to molt in the early summer when egg 
prices are low. The idea is to have the birds over the molt and back in pro- 
duaion in lace summer or early fall when egg prices are high. The mash feed 
is taken away and the birds are given water and grains for several days. The 
birds go out of production, but it is difficult to get all of them to go ^ough 
a complete molt. The results obtained have been variable in different parts of 
the country. The forced molting of birds is a questionable practice. A better 
program is to feed the birds to produce all the eggs they will produce all the 
time. 

Feeding for fall and winter egg production. The old saying that "a 
dozen eggs in the fall is worth two dozen in the spring” is still true. Toward 
the end of the first laying year or late in the summer or early fall many hens 
go out of production. Such birds may be kept in production until late fall or 
early winter by the use of artificial lights, and the feeding of wet mash. Slow- 
maturing pullets may be brought into production by the same practice. It also 
may be desirable to restrict the grain feeding in order to secure sufficient mash 
consumption for satisfaaory egg ptoduaion. 

It should be remembered that hens which lay well in the fall will not lay 
so well in the spring. Flock owners who expect a high rate of prcxluaion for 
hatching eggs in the late winter and spring should not force the flocks for 
high production in the fall. 

Feeding for egg quality. The rations fed to laying hens influence both 
the marker grade of eggs produced and their nutritive value. 

^SS ‘s not influenced much by the ration. A good supply of oyster 
shells or limestone grit and vitamin D results in thicker eggshells and con- 
s^uently slightly heavier eggs. Age and sire of bird, rate and time of produc- 
tion, and brewing are the chief faaors influencing egg size. 

Shell quality is influenced by the calcium and manganese content of the 
ration and by the amount of the vitamin D factor supplied. Good quality 
oyster shells or limestone grit, or both, should be readily available for layers 
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at all times. A special compattmem a. one ot f 

shonld be reserved lor the shell ot bmestone. In sDtinklinr; a 

thin and crack easily, mineral day or so. 

handful of oyster shells over the mash f^m «he eve^ y 

An ample supply of vitamin D shonld be provided by anowmgjh 
on range or by the use of feeding oil or a dry form of vitamin D when y 

“rnllien ,u.my of eggs isinflnenced by the amount of 
such as cabbage, green grass, and letmce that is fed. Birds shoul 
given more th!n about four pounds of succulent feed per hundred ^ 
day. If birds eat certain kinds of weeds, the albumen of the P„ 
miy have a green ot pink color, especially after being held in stomg 
cottonseed meal may also produce egg whites with a pinkish “*“■ 
high in protein produce a tougher white, which has a greater re <7 

stick to the shell. _ ^aVnnhvlL 

Yolk color is due to the amount of a carotinoid pigment, »nth p y 
fed in the ration. It is found in yellow corn, green grass, and alfalta • 
Birds given green grass range and fed an abundance of yellow corn 
produce eggs with dark yellow yolks. Eggs with pale yolks may be prod 
by keeping birds in confinement and feeding not mote than 30 per c 
yellow corn and 5 per cent alfalfa meal in the ration. 

The use of mote than 5 pet cent cottonseed meal in the ration r«ults i 
eggs with mottled yellow, salmon green, and nearly black yolks after they 
have been held in storage for a month or longer. 

Weeds of the mustard family, such as shepherd’s-purse and penny cress, 
impart a very undesirable olive color to the egg yolks of hens which pasrore 
on them. 

Keeping birds in confinement and feeding an all-mash ration results m 
the production of eggs with more uniform yolk color than when birds are 
given grass range or fed a grain and mash ration. 

The vitamin content of the egg is influenced greatly by the ration fed. The 
more vitamins A, D, and G fed in the ration, the greater will be the content 
of these vitamins in the egg. The average run of eggs contains about * 
International units of vitamin A per gram of yolk ( 300 units per egg) • ' 

potency may be doubled when birds are fed good vitamin A rations, contain- 
ing green grass, alfalfa, or good fish oil. When the vitamin A content of the 
ration is low, the vitamin A content may drop to 3 or 6 units per gram. 

The average egg contains 10 to 12 U5.P. units of vitamin D per yolk. 
When good vitamin D rations (with ^X}d fish oil or sunshine) are fed, the 
vitamin D content of the egg is inaeased to 60 to 80 units. 

Both the white and yolk of the egg contain vitamin G. The average egg 
contains about .27 milligram or 270 gammas of riboflavin. The amount may 
be inaeased greatly by inaeasing die vimmin G content of the ration. The 
vitamin B ,2 content is also influenced by the ration fed. 

Feeding for hatchability. It requires a better ration for the production of 
hatching eggs than for the pioducdon of market eggs. The hen must store 
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all the nutrients in the egg that are needed for the development of the embryo. 
Since much mineral material needs to be assimilated in the embryo, the 
vitamin D content of the egg must be high for hatchability. The riboflavin 
and Bi 2 content of the egg must also be high in order to meet the growth re- 
quirements of the embryo. 

Special care in feeding is necessary when the breeding flock is kept in 
confinement. The birds should be fed fish oil or other sources of vitamin D 
to take the place of sunlight, and high-quality alfalfa or other legtime hay 
to take the place of green grass. The breeding ration should also conrain nat- 
ural feedstuffs rich in B-complex vitamins such as liver meal, fish solubles, 
fish meal, milk, whey, brewers’ yeast or distillers’ solubles. Pure riboflavin, 
vitamin B 121 niacin, pantothenic acid or concentrates rich in these factors are 
now being used to replace most of the above feedstuffs. 

The laying rations listed for use in feeding for egg production (Tables 
69 — ^71) are also satisfactory for the breeding flock, if the birds are kept on 
old used litter (see Table 72). Most poultrymen believe that it pays to feed 
• for the production of hatching eggs even though they ate to be sold for 
market. The eggs will be of higher outririve value. The birds will have higher 
vitamin reserves and better health. 

Table 72 


HATCHABILITY OF CHICKEN EGGS AS AFFECTED BY BUILT-UP VERSUS FRESH 
FLOOR LITTER 


Ration 

Litter 

, Trial 

1 

Cggi Set 

Hatchability of 
Penile Eggi 

Basal * 

New 

1 1 

797 

45 per cent 



i 2 

585 

20 


Uuilt-up 

1 

797 

76 


2 

585 

81 

Basal plus 2.5 per cent dried whey 





and 4 per cent meat scraps 

New 

1 

792 

82 



2 

534 

76 


Built-up 

1 

792 

80 


2 

534 

81 


* Com 28.75, oiti 20. bran 10. midatinitt 15, drhvdraied allalFa tneal 5. loybein incal 16, bene meal 2.5, 
oyiter (bell 2 0, tnanginizrd (alt 0 S. and feeding oil (2,000 A— 400 D) 0.25 per cent. 


No special care is needed in feeding the male birds in the breeding flock. 
They will do well on the ration fed the hens. 

Feed consumption of laying hens. Feed consumption will vary with the 
size of the bird, rate of produaion, weather conditions, and qualit)' of the 
ration. The average hen will eat from seventy to ninet)' pounds of feed in a 
year. About fift)’-five pounds of this amount is used for maintenance. It has 
been observed at Cornell University that one hundred Leghorn hens of av* 


“Kennard, Bethke, and Chamberlain. 1948. 
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erage size will eat the following amounts 
rate of production: 

Pet Cent Produaion 

of feed per day, depending on the 

Total Feed Intake 

.... 18-19 lbs. 


.... 19-20 


.... 20-21 


21-22 


22-23 

50 

23-24 

24-25 

70 

25-26 

The following formula may be used to figure the feed consumption of any 
breed of fowls at various levels of produaion. 

Total daily feed per 100 birds = 8.3 + 22 times the weight of the 
bird + one-tenth (O.l) of the egg produaion. 


Fattening Poultry 

Poultry is fattened to improve the quality of the meat and to increase the 
weight. Birds that are mature, or neatly so, may be fattened more easily than 
growing stock. The rations fed and the length of the finishing or fattening 
period influence the gains and the quality of the product produced. 

The fattening or finishing period is short, varying from about one week iQ 
the case of hens to about two weeks for fryers. 

The birds should be confined to pens or fattening batteries. Birds that are 
unusually active, easily frightened, or restless do not gain well. 

Since the feeding period is short, no special provision need be made fot 
vitamins A and D in the ration. Fish oUs and alfalfa that are usually fed to 
supply these vitamins may be replaced by corn in the fattening ration. 

The feed should consist mainly of ground grains. All of the ration and 
liquid consumed is given in the form of a wee mash. The birds eat more of 
the mash than they otherwise would, in order to satisfy their needs for water. 

The mash is generally mixed with milk to make a batter that pours easily- 
Milk adds to palatability of the fanening ration and results in better gains. 

The fattening mash and milk or wa^ are generally mixed in the propor- 
tion of forty parts by weight of mash and sixty parts of liquid to make a 
mash of the proper consistency for pouting. 

Fattening rations. Some typical fattening rations and systems of feeding 
advocated in different sections of the country are listed in Table 73. 

The United States Department of Agriculture fattening mash feed. No. 1 
(Table 73) , is intended for broilers while No. 2 is recommended for roasters, 
capons, and fowls. 

The Southern Stales Co-operative fattening mash probably contains more 
inpedients than justified by eapciitnental data. ThU mash should be mtied 
With liquid milk to give best results. 
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Table 73 


FATTENING MASH FORMULAS 


Inorediekts 1 

1 

1 u.S.D.A.(l) 

SOUTHERR 
States 
Coop. (2) 

Macdonald 
College (3) 

South 
Daeota (4) 

1 No. 1 

No. 2 

Ground corn ' 


4S.0 

60.0 

24.0 

61.0 

Finely ground oats 


34.0 

5.0 

23.0 


Ground wheat 




23.0 


Ground barley 




23.0 

j 10.0 

Middlings 






Ground milo 






Cane molasses 




1 


Meat scrap or meal 

s.o 



' 3.5 


Dried milk 


1 6.0 1 


2.5 

13.0 

Soybean or corn gluten meal 


WiliB 




Bone meal or low fluorine rock phos- 





1 

phate. 



3.0 



Ground limestone 

l.S 

l.S 

1.0 



Salt — plain or iodized and manga- 












Alfalfa leaf or special alfalfa meal. . . 



1 2.5 



Riboflavin supplement 



+ 



Animal protein factor (Bu) supple- 






ment 



+ 



Total. 







(1) U. S.D. A. Ore. 788. 1948. 

{ 2 ) Souih«ffl State* Cooperative. Baltimore. Md. 1949 Ration*. 

(3) \V. Ai Maw. Maedofiald Collefe. Quebec. 

(4) S, D. Bui, 335. 1940. 

The Macdonald College fattening itiash is intended primarily for roasters 
and capons. If the mash is mixed with liquid milk, the meat meal and dried 
milk may be replaced by corn or middlings. 

The South Dakota fattening mash is recommended for fattening fryers, 
roasters, and broilers. If the mash is mixed with liquid milk, instead of water, 
the dried milk may be replaced by one of the cereal grains. 

Feeding practice. It is customary to fatten or finish fryers, roasters, capons, 
and old hens, unless they are already in good flesh. 

The birds are generally confined to pens, coops, or batteries. Very little 
feed is given the first day of confinement in order to develop a keen appetite. 
The birds ate given about as much feed as they will clean up in about five 
minutes in the morning of the second day, and as much as they will clean 
up in ten minutes in the evening. On the third day, the birds may be fed as 
much as they will clean up morning, noon, and night in fifteen- to thirt)*- 
minute feeding periods. 

In large fattening stations, birds arc fed by what is sometimes termed the 
"continuous pouring” method. They are given as much feed as they will 
clean up in a few minutes se>'eral times a day. 

Hens are generally fattened for about a week if in f>oor flesh, but not at 
all if in good condition. The gains are usually small, generally not more than 
about 7 per cent. Howc\*er, the quali^ of the meat is improved. 
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Roasters, including capons, are generally fattened about ten days. Gains 

of 5 to 15 per cent may be expeaed. or 

Fryers, including large broilers, may be fattened for about tsvo 
as long as rapid gains and good feed consumption are maintained, (jam 
10 to 30 per cent may be expected. , i • 

Quality of poultry meat. The fattening ration influence the skin c , 
tenderness of the meat, flavor, firmness of the fat, and vitamin content o 
edible tissues. t 

Skin color, in yellow-skinned varieties, is influenced by • t 

ration. White corn and milk in the fattening ration results in birds wi 
pale skin color. Birds fattened on range and fed an abundance of yellow corn 
have a rich yellow skin color. 

Tenderness of meat is influenced some by the ration fed as w^ll as by ag 
and the method of cooking. Rapidly growing and well-fattened birds are more 
tender than slow-growing and poorly fattened ones. Range-fattened birds are 
tougher than those fattened in pens or batteries. 

Flavor of poultry meat is influenced by the ration fed. The use of oily ns 
meal or fish oil in the fattening or finishing ration should be discontinu 
at least two weeks before the birds are marketed. Otherwise, the cooked meat 
may have a fishy odor and taste. ^ . 

Birds fattened largely on corn have a meat that is more palatable and juicy 
than birds fattened largely on wheat. , 

Fat may be increas^ in the muscles and elsewhere by administration ox 
estrogen just before and during the fattening period. Mutton fat added to 
the ration produces a firm fat while vegetable oils produce a soft fat. 


REVIEW QUESTIONS 

1. Why are the cereal graios oUeo varied within wide limits in poultry ra- 
tions? 

2. Which one of the cereal grains is most palatable? 

3. Compare the feeding value of wheat and its by-products, middlings, and 
bran. 

4. What is the most economical form in which to feed oats? 

5. Why is yellow corn superior to white cotn’ 

6. A hundred pounds of dried milk is equivalent to how many gallons of liquid 
milk and how many pounds of condensed milk in feeding value? 

7. Which is more uniform in composiuon, dried buttermilk or dried skim milk? 
Why? 

8. What are the differences between meat scraps and tankage? 

9. What is one of the best kinds of fish meal? 

10. IS the most widely used vegetable protein feedstuff in poultry rations? 

11. Name a nutrient defiaency in vegetable protein feedstuffs that is not present 
m most animal protein feedstuffs. 

12. Why is it undesirable to replace all animal protein feedstuffs in poultry ra- 
tions by vegetable protein feedstuffs? 

13. What mineral elements are most likely to be deficient in poultry rations? 
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X4. Give the formula of a simple mineral mixture and directions for its use in 
poultry rations. 

15. Why include a trace of manganese in poultry rations? 

16. What groups of nutrients need to be considered in formulating poultry ra- 
tions? 

17. The carbohydrate feedstuffs constimte about what per cent of the ration? 

18. What are the chief differences in formulating an economical ration for 
birds on range and in confinement? 

19. Name the four principal methods of feeding poultry and give the advantages 
of each. 

20. What is the principal way in which the use of artificial lights results in in- 
creased egg production? 

21. Why do the producers of small broilers often feed a higher protein ration 
than farmers who raise poultry to replenish the flock? 

22. What are the advantages of finishing pullets on a 15 or 16 per cent protein 
ration rather than on one of lower protein content? 

23. Why is more feed required to produce a pound of capon than a pound of 
broiler, duck, or mrkey? 

24. Give the formula for an all-mash chick starting and growing ration for 
January-hatched chicks. 

25. What feeding and management practices may be employed to prevent a 
slump in fall egg production of winter-hatched pullets? 

REFERENCES 

Almquist, H. J.: protbins ai^ amino acids in animal nutrition, 3rd 
ed. 1954. U. S. Industrial Chemicals Co. 

Balloun, S. L: effect op high level aureomycin feeding on rate of 
EGG PRODUCTION. Poultry Sci. 33: 867-869. 1954. 

BALLOUN, S. L.: THE EFFECT OF QUARTERNARY AMMONIUM DERIVATIVES IN 
CHICK GROWTH. Poultry Sci. 34: 191-196. 1955. 

Begin, J. J., MacLaury, D. W., Risner, W.. and Insko, W. M.: breed, sex 

AND AGE VARIATION AMONG CHICKS IN RESPONSE TO ANTIBIOTIC SUP- 
PLEMENTATION. Ky. Agr. Exp. Sta. Bui. 597. 1953. 

Berg, L. R., and Bearse, G. E.: studies of the granulation of chicken 
LAYING MASHES. Wash. Agr. Exp. Sta. Bui. 522. 1951. 

Derry, L. N.: feeding and management of birds in laying cages. N. M. 
Sta. Bui. 328. 1946. 

BiELY, J.. AND March, D.: fat studies in poultry. Part 2 (Fat supplements 
in chick and poult rations). Poultry Sci. 33: 1220—1227. 1954. 

Biely, J. AND March, D. E: university of British Columbia feed for- 
mulas TOR POULTRY. Poultry Grc 37. 1955. 

Branion, H. D., and Hill, D. C: detergents and aiioc growth. Poultry 
Sci. 33; 62-66. 1954. 

Clark, T. B., Van Landingham, A. R, and Weakly, C E: young grass 
LEGUME SILAGE IN THE POULTRY RATION. W. Va. Sta. Bul. 340. 1949. 

CLARK, T. B.. Hyre, R M., Weakley, C E. and Van Landingham. A. H.: 
WEST VIRGINIA LIMESTONE — A CALCIUM SUPPLEMENT FOR POULTRY. 
W. Va, Agr. Ecp. Sta. Bul. 345. 1951. 



223 Poultry: Science and Practice 

COMBS, G. P„ AND JutL, M. A.; FEEDING CHICKENS. Md. Agr. Eit. Bui. 126. 
CombI'g. F, Romosee, G. L. and NiaioESON, J. L; 

EVALUATION OF INSOLUBLE GRIT FOR BROILERS. Md. AgriC tsp. &ta. r>ui>^ 

Combs, W. B.; grain grading primer. U- S. D. A. Handboot 59- 1953- 
Cooney, W. T., and Parker, J. E: wood sugar molasses in the ratio- 
OF floor managed layers. Poultry So- 32: 1039-1046. 1953. 

Dakan, E. L: poultry house lighting and its influence on ^ 
production and chicken grovtth. Rural Elearlf. Exch- New Ser. 1, No- 
1. pp. 13-15. 1938. __ 

Draper, C I.: the nutritive value of corn oil meal and FEATwtK 
PROTEIN. Iowa Sta. Res. Bui. 326. 1944. 

DuPRAS, C A- Robinson, W., and Platt, C S.: oyster shell and cm 
SUPPLEMENTS, FOR ALL MASH POULTRY FEEDS. N. J. Agric Exp. Sta. BuL 
762. 1952. 

Fronda, F. M., and Cruz, I. N.: the influence of restricts 

ON PULLETS from 12 TO 24 VEEKS OLD. Philippine Agriculturist 35: 90- 
94. 1951. ^ 

Funk, E M.: can the chick balance its ration? Poultry Sd- Us 94-^'- 
1932. 

Gerry, R- W- Garrick. C W- Roberts, R. E, and Hauce, S. M.: 

RO^ PHOSPHATE IN LAYING RATIONS. Poultry Sd., 28: 19-23. 1949. 
Gerry, R. W.: high energy rations for poultry. Me. Agric. Exp. Sta. 
But. 523. 1954. 

Godfrey, G. F.: the effect of feeding thyroprotein on egg shell 
QUALITY AND HATCHABILITY. Poultry Sd- 28: 867-873. 1949. 

Grau, C R., and Zweicart, P. a.: phosphatic clay as a phosphorus 
source for chicks. Poultry Sd., 32: 500-503. 1953. 

Griminger, P- and Scott. H. M.; the effect of different cereals on 
feed EFFiaENCY, EGG QUALITY AND SHELL THICKNESS. Poultry Sd- 33: 

1217-1219. 1954. 

Halbrook, E. R.. Winter, A. It, and Sutton, T. S.: the effect of 
management on the vitamin B,, content of POin.TRY house LITTER- 
Poultry Sd.. 29: 672-678. 1950. 

Heuser, G. F- and Norris, L C: oyster shells, calote grit, ground 
LIMESTONE, AND GRANITE GRIT IN RATIONS FOR HENS. Poultry Sd- 25 = 

173-179. 1946. 

Heuser, G. F.: salt additions to chick rations. Poultry Sd- 31: 85-88. 

1952. ^ 

Heywang, B W.: the water consumption op hens Poultry Sd- 20: 

184-187. 1941. ^ 

Hoffmann, E, and Wheeler, R, S.: the value of thyroprotein in 
staging, growing and laying rations. Poultry Sd- 27: 609-612. 1948. 
JAAP, R- G- AND Thompson, R. b : fattening poultry by feeding 
hormones. U. S. Egg and Poultry Mag., 51: 108-110. 1945. 

JENSEN, L S- AND McGlNNlS, J : A COMPARISON OF FEEDING PELLETED 
. DIETS CONTAINING DIFFERENT LEVELS OF ALFALFA TO 

LAYING HENS. Poultry Sd- 31: 307-^10. 1952. 

G^^RNer, e w., and Blow. W. L: more eggs, less work 
—NEW feeding method. Worlds Poultry Sd. Jour.. 10: 52-55. 1954. 



Feeding Practices 329 

Kempster, H. L.: the use of dried incubator- offal in chick rations. 
Poultry Sci., 24: 396-398. 1945. 

Kennard, D. C, Bethke, R. M., and Chamberlain, V. D.: built-up floor 
litter a source of dietary factors essential for hatchability of 
chicken eggs. Poultry Sci., 27: 477-481. 1948. 

Kennard, D. C, Thatcher, L. E., and Chamberlain, V. D.: bare yard, 
confinement, or legume range for growing chickens? Ohio Farm 
and Home Research, 33: 64-66. 1948. 

Kraybill, H. R.: antioxidants and fats in feed manufacture. Proceed- 
ings of the Nutrition Council of the American Feed Manufacturers Associa- 
tion. December, 1953. 

Lee, C. E., Scholes, J. C, and Henry, C L.: the effect of "free choice” 
GRAIN feeding ON EGG PRODUCTION OF FEED CONSUMPTION. Poultry Sci., 
28: 10-13. 1949. 

Lillie, R. J., Bird, H. R., Sizemore, J. R., Kellogg, W. L., and Denton, 

C A.: assay of PBEDSTUFFS AND CONCENTRATES FOR VITAMIN B„ PO- 
TENCY. Poultry Sci., 33: 686-691. 1954. 

MacIntyre, T. M., and Jenkins, M. H.: clam shells, limestone and 
oyster shells as sources of calcium IN the ration of laying hens. 
Sci. Agric. 32: 645-650. 1952. 

Macklin, L j., Denton, C A., and Bird, H. R.: supplementation with 

VITAMIN Bj, AND AMINO ACIDS OF CHICK DIETS CONTAINING SOYBEAN OR 

cottonseed meal. Poultry Sci., 31: 110-114. 1952. 

March, B. E., Stupich, D., and Biely, J.; the evaluation of the nutri- 
tional VALUE of fish MEALS AND MEAT MEALS. Poultry Sci., 28: 718- 
724. 1949. 

Matterson, L D.. Singsen, E P., Decker, Lois, and Kozbff, Anna: a 
comparison of several ANTIBIOTICS AS GROWTH STIMULANTS IN 
PRACTICAL CHICK-STARTING RATIONS. Storrs Agric. Exp. Sta. Bul. 275. 1951. 
Matterson, L. D., Ryan, F. A., Kozbff, Anna, and Potter, L. A.: sim- 
plified HIGH ENERGY PELLET FOR FINISHING BROILERS. Stotts Agtic. Exp. 
Sta. Prog. Rpt. 2. 1954. 

MacIntyre, T, M., and Jenkins, M. H.: a study of the effect op the 

fineness of GRINDING CRAINS ON THE EFFICIENCY OF ALL-MASH RATIONS 
FOR LAYING HENS. Can. J. Agric. Sd., 34: 10-17. 1954. 

McDonald, M., and McClymont, G. L.: antibiotics for growing pul- 
lets. Agric Gaz. N. South Wales, 64: 420-421. 1953. 

McGinnis, J., MacGregor, H. L, and Carver, J. S.: wood sugar molasses 
AS A FEEDSTUFF FOR CHICKS. Poultry Sci., 27: 495-461. 1948. 

MORENG, R. E., and SHAFFNER, C S.l A THIOURACIL-THYROPROTEIN TREAT- 
MENT FOR FATTENING POULTRY. Poultry Sd, 28: 504-510. 1949. 
NATIONAL COTTONSEED PRODUCTS ASSOCIATION. FEEDING PRACTICES. 618 
Wilson Bldg., Dallas 1, Texas. 1955. 

O’Neil, J. B.: no evidence of compensatory production following a 
SLUMP. Poultry Sd. 31: 510-513. 1954. 

Petersen, C F., Wiese, A. C, Dahlstrom, R. V. and Lampman, C E: 
Influence of mtamin d„ and antibiotics on hatchability. Poultry 
ScL. 31: 129-132. 1952. 

Platt, C S.: all-mash diets for growth and egg production of whitb 
LEGHORN PULLETS. N. J. Agtic Exp. Sta. Bul. 769. 1953. 



Poultry: Science and Practice 

330 

QUEBEC PEOVmCIAL FEED BOAED. FEVER'S GUIDE ^ FORMULAE FOE 

xfBXT MIXTURES 27th ed. 1955. MacDonald College, Que. 

RE^" ALE. COUCH. J.R.: USE OF SUPP^^^^ 

METHIONINE AT LOW LEVELS IN BROILER RATIONS. Poultry So-. 33. 

SAXENA, H. C, AND McGiNNIS, EFFECT OF DI-METOIONINE ON FEm 
UTILIZATION BY CHICKS AND TUEKEY POULTS. Wash. AgnC. Esp. Sta. 

ScJilLb! K F., AND WINTER, A. R.: AN EVALUATION OF 

FEEDSTUFFS FED TO CHICKENS THROUGHOUT THEIR LIFE CYCLE. fO > 

Simsra^ E pI Matteeson, L. d., and Kozeff, Anna: a 

RATION FOR LAYING AND BREEDING HENS. Storrs AgflC. Exp. ita. UUL ■ 


Slingee, S. J, Bergey, J. E, Pepper. W. F, Snyder. E S, and Arthur, D.i 

EFFECT OF ANTIBIOTICS ON THE PROTEIN REQUIREMENTS OF BROILERS. 

Poultry So., 31: 757-764. 1952. .vr-jr 

Smith, R. M.: the use of rice and rice by-products in the layiw 
RATIONS. Ark. Sta. Bui. 478. 1948. . , 

Stadelman, W. McCartan. C M.. Baum, E. L, and McLaren, B- 

GROWTH AND PROCESSING SHRINKAGE OP DIETHYLSTILBESTEROL TREATED 
FRYERS. Poultry Set., 30: 512-514. 1951. 

SuNOE, M. L. Halpin. j. G., and Cravens, W. W.: the effect or vita- 
min Bit supplements and antibiotic peed supplements on EGG PRO 
DuenoN AND HATCHABILITY. Poultry Set., 31: 617-627. 1952. 

SUNDB, M. L, Cravens, W. Wh Bird, H. IU and Halpin. J. G.: the effect 
OF complete and INCOMPLETE GROWING DIETS ON SUBSEQUENT PER- 
FORMANCE OF THE LAYING HEN. Poultry Sci., 33: 779-784. 1954. 
Temperton, H., and Dudley, F. J.: the effects of systems of feeding 

ON GROWTH AND EGG PRODUCTION. Harper Adams Utility Poultry Journal, 

33: 1-7. 1948. 

Titus, H. W., Brumbaugh, J. H , ant) Mehring, A. L: evaluation of the 
effect of additions of vitamin B,r. Dl-METHIONINE, AND PROCAINE 
PCNIOLLIN, SINGLY AND IN COMBINATION, TO CORN-SOYBEAN DIETS FOR 
YOUNG CROWING OiiCKS. Poultry Set . 34: 167-177. 1955. 

ToMIIAVE, a. E: effect OF LEVELS OF FIBER AND PROTEIN ON HATCH- 
ABILITY AND ECO PRODUCTION. Del. Agric Exp. Sta. Bui. 299. 1953- 
Turner. C W : feeding thyroprotein and sex hormones to laying 
HENS Poultry Sa . 27: 613-620. 1948. 

VOSDELL, J H.: METHODS OF FEEDING LAYERS AND BREEDERS. Poultry Sd-f 

27- 331-535. 1918 

WASIItSCTON STATE COLLEGE POULTRY COUNaLt FEEDING AND MANAGE- 
MENT OF LAYERS Wash. Agric Ext Bui. 349. 1952. 

Wilder. OHM storage, handling and mixing of fats into feed. 

Grc n 1954 Amerjcan Meat Institute Foundation. Chicago 37, Illinois. 

Winter, a R., and Soilamb, K. F ; influence of range versus con- 

riNLMFNT RFARtNO ON CROWTH, FEED CONSUMPTION, EGG PRODUCTION, 

AND livability Poultry Sci., 27: 571-578. 1948. 

YAcowrrr, Harold, and Marsh. G. a.: ohio poultry rations. Ohio 
AgTK. Ext Bui 3-13 1951 
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Disease and Parasite Prevention 
and Control 


Disease may be defined as any deviation from the normal state of health, 
whether it be a slight ailment or one endangering life. 

Poultry suffer the greatest losses from disease of all the domestic animals. 
It is the greatest hindrance to profitable poultry production. Losses from dis- 
ease account for the relatively high prices of poultry products. 

Egg-laying contests and the United States Department of Agriculture 
report an annual mortality of 12 to 20 per cent among layers (Table 74). 


Table 74 

MORTALITY IN CHICKEN FLOCKS 


Obiervatlon 

Year 

Mortality 

Young, farm raised chickens 

1925 

Per Cent 

7.1 

during the growing period • 


8.1 


9.2 



12.3 



12.0 



13.3 



14.9 

Chickens entered in United 

1950-51 

14.5 

States egg laying contests f 

1953-54 

12.7 

Ten year range in mortality by 



breeds t 

1943-53 


binglc (Jomb White Leghorn 


5.6 to 23.1 



4.6 to 15.8 

New Hampshires 


5.6 to 18.8 

White Plymouth Rocks 


11.2 to 18.5 


*U. S. D. A. A^riculiural Suiitiic*. 195J. 
t Council of Amcricin OfBcul Poultry Tmi. 195J-S4 


Chick mortality during the growing period is abo a faaor of economic 
importance. According to the United States Department of Agriculmrc 
(Agricultural Statistics, 1953) it amounts to more than 92 million in 1952, 
or nearly 15 per cent of the chickens rabed. 

In the losses from disease, one must consider not only actual mortality but 
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Disease 


; is needed in study- 


Terminology. A knowledge of ‘„e listed here. 


ic refers to me aoiuty o. .n o.g«...™ Jr?nd overcome 

If is the power of resistance of an animal to rests 


ing poultry dheases. A few of the most ’"'“‘f ? ^ pathogenic organ. 

%ecZ is the invasion of the tissues of the P'^to injure 

isms in such a way as to favor their growth and permit then tmtms 

the tissues. _ , . , 

Pathogenic refers to the ability of an organism t 

Immunity i 
infeaion. 

Erioiogy is the smdy of the cause of a disease. chataaet- 

U the reaction of body ti^es Vto med to 

ized by swelling, heat, redness, and pain. The ending, itis “ of 

indicate inBammation of a part; tor example, entctnis means infl 
the intestines. 

A lesion is any hurt, wound, or local degeneration of tissue. 

A vaccine is a suspension of living disease-producing organisms C 
or viruses). . 

A bacterin is a suspension of dead disease- producing organisms. 

A toxin is a poisonous substance produced by bacterial aaion. ■,« 

Causes. Diseases may be product by living organisms such as par 

protozoa, fungi, bacteria, and viruses (Fig. 137). 

Parasites are here regarded as small multicellular animal organisms. 


amples are lice and roundworms. usative 

Protozoa are microscopic one-celled animals. Examples are the ca 


organisms of coccidiosis and blackhead. TOhich 

iMoWj Of fungi are low forms of pbnts. A few of the many . . 

appear in nature produce diseases. Examples of poultry diseases produc 
them ate aspergillosis and favus. , .p 

Bacteria are microscopic one-cclled plants. They are widely diswibu^ 
nature, but only a few of them produce disease. Examples of bacterial pou j 
diseases ate pullorum and tuberculosis. . 

Viruses ar^ organisms so small that they cannot be seen even wit 
microscope. The proof of their existence is their ability to reproduce di 
by introducing subsunces containing them Into the body of a 
animaL Fowl pox and laryngotracheitis ate examples of poultry virus diseases. 


The disease-producing organisms may gain entrance to the body by way o 
the mouth, nose, eye, skin, cloaca, or egg. They produce disease by irritation, 
inflammation, use of body nourbhment, mechanical obstruction of organs, 
destruaton of tissue, or produaion of toxins. 

Disease nuy also be produt^ by body deformities, injury, faulrj’ 
poisons, and poor environment. This group of diseases is not transmissi 
from one bird to another. 





Fig. 137. Some disease-producing microerganlsms, magnified several hundred times. Top: 
left, eeee! or round bocterio, found in pus end skin lesions; center, becilli or red-sheped boe* 
terle, cause pullorum diseose; right, espergillus or mold, couses espergillosis or breeder pneu- 
monto. Bottom: left, spirilla or curved bocterio found Its tome blood diseeses; center, monilla 
or meld, causes thrush; right, protozoa, coectdla— the cause of coccidiesis. 

Infections. The ability of disease-producing organisms to produce disease 
depends upon a number of factors. 

Virulence of organisms is a determining faaor in the production and 
severity of an infectious disease. The longer infective agents are away from 
the body and the more they are exposed to adverse environmental conditions, 
such as high and low temperatures, dryness, air, sunlight, or disinfectants, the 
less the chances that they will produce disease. 

The numher oj organisms gaming entrance to the body influences disease 
production and its course. Small numbers of disease-producing organisms may 
be thrown off by the body, but massive doses cannot be combated by the 
natural body defenses. 

Resistance of birds or their immunity against infection influences disease 
production. Immunity may be inherited or it may be acquired. It may be 
acquired by having had the disease or by the intake of a few organisms from 
time to time which stimulated the produaion of immune substances. 

Well-fed birds have greater natural resistance against infection than im- 
properly fed individuals. 

C^’crcrowding, drafts, extremes of temperature, and forced production 
lower resistance against infeaion. 

Spread of disease. The parasites, fungi, protozoa, baoeria, and viruses may 
escape from the body of diseased birds by way of the droppings, mouth, 
wounds, or by blood obtained by blood-sucking insects. After leaving the body 
of the bird, the disease-producing agents may be passed on to susceptible 
birds in a number of ways. 
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Line, and soil contaminated by droppings from 
rhc most common means of spreading diseMe. It seems 
birds to pick up material from the litter and sod. In so doing, they 1 

to become infected, if many disease-producing organisms 

Feed and water contaminated by droppings or dischmges fro „ 

of infected birds serve as a common means of spreading disease, t » 

chickens on the ground or litter and permitting them to iink from y 
vessels or water puddles increase the chances of spreading disease. 

Close contact may be a means of spreading external ^ 

spiratory diseases. Healthy birds may inhale germs from discard bir 
ate coughing, sneezing, or gasping for breath. Lice may crawl from one 

to another. . ii_. j • ^nd 

Animal carriers spread disease. These include fowls, wild birds, insect, 
vermin. Some fowls may harbor disease-producing organisms, e.g., 
and yet show no external symptoms of disease. Wild birds are affect y 
some of the diseases that affect poultry. They may 6y from one farm to ^ 
other, carrying disease germs with them. Flies, mosquitoes, earthworms, sna , 
bugs, and ticks may carry disease organisms and serve as intermediate host^of 
the development of some of these organisms. Rats may also serve as a m ^ 
of spreading disease. Dogs, cats, and other farm animals may carry infective 
material on their feet. • • i /les 

Movable equipment may be a means of spreading disease. This includ 
cleaning equipment, coops, feeders and waterers, feSd sacks, and egg 
The attendant or visitors may carry disease-producing organisms on their 
feet and clothing. 


Disease Prevention 

The most efficient and economical method of controlling disease lies in the 
use of preventive measures. The old adage, "an ounce of prevention is worth 
a pound of cure,” certainly applies to poultry diseases. The chicken has small 
unit value. Medicine and treatment often cost more than the bird is worth- 
Most diseases have a lasting after-effect on growth or production. Flock pre- 
ventive measures should be used. These include selection for disease re- 
sistance, proper housing, clean range, proper feeding, culling out unhealthy 
birds, and quarantine of new stock. 

Selection of stock. Select healthy fowls for breeders (p. 91)- Use pnl- 
lorum-testcd stock (p. 116) Hatch from hens rather than from pullets; 
affords more information about the livability of the parents. Use male birds 
in the breeding pens that come from families having good livability. 

Proper housing. Provide adequate floor space (p. 181). This reduces the 
chances of cannibalism and the spread of disease by close contact and con- 
taminated litter. 

Prm-ide adequate ventilation but avoid drafts. Avoid sudden changes in 
temperature. Drafts and extremes in temperarure lower the resistance of birds 
and make them more susceptible to disease. 
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Use dropping pits or dropping boards to lessen the chances of spreading 
disease by droppings. 

Use sanitary feeders and waterers. The more fecal material kept out of the 
feed and water, the less the chances of disease. 

Use litter and change it often enough to keep the house reasonably clean 
and dry. Built-up litter may accomplish the same purpose. 

' Ranges and yards. The keeping of birds on the same range year after year 
will result in severe contamination if diseased birds are present in the flock. 
Some disease germs and parasite eggs will live in the soil for a year or more. 
Good drainage and aeration of the soil help keep down infection. Keeping the 
grass cut short or grazed closely provides young, tender vegetation for the 
birds and at the same time permits greater penetrating power of sunlight. 
Permanent shade is objectionable — unless there can be good rotation of 
range with the birds off the ground for two or more years — because it keeps 
out sunlight and keeps the soil damp. Shady, damp places are favorable for 
the protection of disease-producing organisms. 

The rearing range should be changed each year so that each range has a 
two- or three-year period during which no birds are kept on it. The same ap- 
plies to yards attached to permanent houses. Cropping unused ranges and 
yards assists in keeping them safe for poultry. 

If only one small range is available and it becomes contaminated, keep the 
birds in cortfinement. Present-day poultry rations, with the birds kept on 
compost litter, ate believed to supply all of the essential nutrients birds 
obtain when on range. 

Sanitation. Sanitation is the establishment of environmental conditions 
favorable to health. Good houses, equipment, and yards need to be kept 
dean in order to lessen the chances of disease. 

Built-up litter may be a means of controlling diseases according to Kennard 
and associates of the Ohio Agricultural Experiment Station (Table 75). The 
chicks are started on old (six months or more) used litter rather than on new 
Jitrer in clean pens. When the liner becomes caked, it is stirred and a little 
fresh material added. The thick layer (6-12 inches) of litter keeps the floor 
warmer and dryer. The alkaline excretory products and/or the micro- 

Table 75 


INFLUENCE OF LITTER MANAGEMENT ON BROILER MORTALITY* 


R.Uon 

Floor Litter 

A» Wi.of 
Rinit «t 12 Wki 

Mr>nality 
lit 12 Wk< 

Complete 

Old built-up 

2.45 lb». 

5 fer cent 


Fresh 

2.30 

7 

Incomplete 

Old built-up 

2.34 

7 


New butli-up 

1.88 

18 


Fresh 

t.6t 

23 


* Kennard and Chamberlain. 1919. 
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oiganUms Uving in the litter may reduce the emdence ” ™ 
pathogens such as viruses, bacteria, and protozoa. The cornet litt 

marked B<omp!ex vitamin and protein sparing properties (Table 

The use of compost Utter is an entirely opposite approach to sani 
than the foUowing recommendations that have been in use for years. 

Cleamng the drinking and feed vessels, perches, nests, doom, and the 
terior of a house before each new lot of birds is housed aids in dis^ 
vention. Keeping the etjuipment and pens dean while birds are m em 
further precautionary measure against disease. . 

Removal of droppings and Utter to a distant part of the farm where » 
ens will not range, and keeping manure storage pits saeened against 
help prevent the spread of disease, hfanure piles serve as breeding p aces 
flies. These insects carry disease and serve as hosts for tapeworm larvae vp- 

Disinfection or the killing of any remaining disease-producing organisms 
will further reduce the possibilities of disease. Chemical disinfectants are not 


always necessary or practical for this purpose. 

Most pathogenic baaeria and viruses soon lose their virulence and 
when they are away from the body of the bird. Drying and exposure to 
and light aid in their destruction. Thorough cleaning of the house and equ*?' 
men: removes many organisms mechanically and exposes the remaining on^ 
The aaloa of air and light will generally destroy them, especially if ®e 
house is allowed to remain empty for a time. 

Chemical disinfectants may he used to hasten the destruction of pathogemc 
organisms. In most cases the warmer the temperature, the longer the time o 
aaion, the stronger the solution of dbinfectant, and the smaller the amount 
of material to be disinfeaed, the bener the effea of the disinfectant. It must 
be remembered that disinfectants reaa with feces, litter, dust, feed, and other 
organic matter and may be "used up” before coming in contact with bacteria. 
Therefore, cleaning should be thorough before disinfectants are used. 

Whitewash, consisting of I pound of commercial lye (94 per cent sodium 
hydroxide) and 2V6 pounds of water-slacked lime in gallons of water, 
is a cheap, odorless, and efficient disinfectant for general farm use. On pt^ 
longed contact, it may be in|urious to painted or varnished surfaces, some 
fabrics, and aluminum. It docs not injure metallic and wooden fixtures g^' 
erally found on the farm. The lye solution may be used for disinfecting 
yards by thoroughly wetting the ground and then adding Vi to 1 gallon of 
the disinfectant per square yard of soil surface. 

Cresot and other coal tar disinfectants are stable noncorrosive products 
v-hich may be used on poultry house floors and equipment. A 3 pet 
solution IS generally used. These products should not be used in egg. meat, or 
other fo^ storage rooms because of the odor transroined to the foods. 

Feeding. Proper feeding not only protects poultry’ against nutritional 
diseases, but results in better vigor and greater resistance against infection by 
disease-producing organisms. Vitamin A, for instance, stimuUtes normal 
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secretory power of the epithelial tissue lining the respiratory and digestive 
traas and hinders secondary bacterial infeaions. Adequate supplies of vitamins 
A and B in the ration afford protection Against parasite infestation. A liberal 
supply of protein in the growing ration increases resistance against coccidiosis 
and worm infestation. 

Removal of unhealthy birds. Whenever unhealthy birds (Table 14) are 
observed in the flock, they should be removed at once. They are often car- 
riers of disease. Unless the bird is a valuable one, it should not be returned 
to the flock when and if it recovers. Such birds often get out of condition 
again. It is better to sell them for meat purposes. 

Protection against carriers of disease. Do not allow pigeons and wild 
birds, especially sparrows and starlings, to roost in the houses or feed with the 
poultry. 

Avoid the use of feeds and feeding practices which attract flies or other 
insects in unusual numbers. 

Exterminate rats and mice. 

Use new feed sacks for poultry feeds, especially for the growing stock. 

Use clean coops for handling birds. Clean and disinfect them before use 
in another house or on another farm. 

Young chicks should be brooded quite a distance from old stock. If the 
same person must care for both the young and old stock, the shoes should be 
cleaned and disinfected by stepping in a pan of disinfectant, or rubbers should 
be put on before going into the brooder house or on the range (Fig. 138). 

Quarantine of new stock. New stock to be added to the poultry flock, or 
birds that have been away from the farm at shows, fairs, or other exhibits, 
should be held in coops or pens away from the flock for about two weeks, to 
make sure that they do not have any disease or show symptoms of disease in- 
fection. 


Disease Control 

Disease may gain entrance to a flock and outbreaks occur in spite of the 
use of preventive measures. In case of an outbreak of disease in which the 
cause and control measures are unknown, a veterinarian should be consulted. 

Outbreaks of disease. In case of an outbreak of disease, all sick birds 
should be removed from the flock and placed in another building. If the 
disease is general, the flock may be left intact and the entire group treated. 

The litter should be changed frequently as long as an epidemic lasts. Put 
the birds on new range or keep them in confinement. Remember that most 
diseases are spread by means of contaminated litter and soil. 

Fresh feed and water should be kept before the birds in clean containers. 
The use of a distnfeaant in the drinking water is of doubtful value. There are 
many other ways of spreading disease than by means of water (p. 333). The 
use of a disinfectant in the water nearly alv.'ays hinders normal water con- 
sumption. 




the ration, acts as a mild 290), It adds to palatability of 

toxins and poisons ^ serves as an antidote against most 

■n case of ^ 
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laxative. For flock treatment of adult binis, use a pound of Epsom salts in 
two gallons of water per hundred birds. Individual doses of laxatives consist 
of one-half teaspoonful of Epsom salts in one or two tablespoons of water, 
or one-half to one teaspoon of castor oil. Liquids may be given with a hollow 
tube provided with a bulb on one end (Fig. 139). 

Other control measures to be used will depend upon diagnosis of the 
disease. 


Table 76 

PRINCIPAL DISEASES OF MATURE CHICKENS AND THE PERCENTAGE 
DISTRIBUTION AMONG THE AUTOPSIES ^ 


Disease 

Ace of Bjeds 

1 7-12 Months 

1-2 Years 

Over 2 Years 

Colds and coryza 

11.5 

7.4 

7.7 

Roundworms (intestinal) 

11.3 

10.8 

7.2 

Coccidiosis 

$.6 

4.9 

1.4 

Leucosis 

7.8 

4.9 

3.S 

Fowl cholera 

6.3 

7.7 

9.4 

Enteritis 

5.7 

5.3 

2.4 

Tumors 

5.6 

7.2 

13.4 

Ruptured yolk 

5.1 

5.0 

7.5 

Paralysis 

3.9 

2.5 

1.1 

Pox 

2.8 

3.2 

4.9 

Tapeworm 

2.7 

1.4 

1.8 

Infectious laryngotracheids 

2.6 

2.8 

4.6 

A-avitaminosis 

2.2 

1.4 

1.2 

Roundworms (gizzard) 

2.0 

3.2 

1 2.0 

Lice 

2.0 

2.2 

2,9 

Cannibalism 

1.6 

1.2 

0.3 

Peritonitis 

1.3 

1.7 

1.6 

Nephritis i 

1.1 

1.9 

1.4 

Salpingids ' 

1.0 

2.0 

2.4 

Pullorum 

0.7 

1.8 

1.6 


Diagnosis of poultry diseases. A careful observation of external symp- 
toms and autopsy findings are valuable aids in the diagnosis of poultry dis- 
eases. Other data needed in arriving at a correct diagnosis include history of 
the case or outbreak, age of birds affeaed, per cent of flock affeaed, housing 
and yard conditions, the ration being fed, management praaices used, and 
treatment that has been given. 

The California Department of Agriculture (Calif. Dept, of Agr. Bui. 21, 
No. 1. 1942) report on 30,000 birds of all ages autopsied, beween 1931 and 
1940 inclusive, is given in Tables 76 and 77. 

hfaturc birds showed an increase in tumors, cholera, fowl typhoid, and pul- 
lorum with increasing age. 


"HofTmin *nd Suwer, i942. 






tig. IM. Bi,J. b. oi,.„ „.dw„. r«,gld („™ .ni, „ ,„b, ,„h „ bgib on lb« 

•nd of It or with o pipette. 

Growing chickens showed an increase in coccidiosis, paralysis, and worm 
intestation with increasing age 

External examwatwn. while helpful, is often insufficient for accurate 
magnosis. A bird may show certain symptoms that will indicate several dis- 
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Table 77 

PRINCIPAL DISEASES OF GROWING CHICKENS AND THE PERCENTAGE 
DISTRIBUTION AMONG THE AUTOPSIES ^ 


Disease 

Ace or Birds 

i-r Weeks 

S-12 Weeks 

lS-2i Weeks 

PviUorum 

27.9 

0.7 

0.6 

Coccidiosis 

20.5 

49.7 

24.5 

Ulceration (gizzard) 

10.9 

4.9 

0.8 

Fowl typhoid 

5.1 

0.3 

0.3 

Pneumonia 

3.6 

0.4 

0.2 

Chick bronchitis 

3.1 

2.6 

0.7 

Colds and coryza 

2.5 

6.3 

10.1 

Enteritis 

2.4 

6.0 

7.1 

Nutritional dermatitis 

2.3 

0.2 


Nephritis 

2.1 

1.0 

6.8 

Nutritional paralysis 

1.6 

0.2 


Infectious laryngotrachdds 

1.4 

2.6 

2.7 

Rickets 

1.4 

1.3 


Streptococcus infection 

1.1 



Paralysis 


^8 

i 4.6 

Roundworms (intestinal) 


1.7 

7.9 

Tumors 


0.7 

3.5 

Tapeworms 


0.2 

2.9 

Leucosis 


0.6 

2.4 


eases. As an example, lameness may indicate scaly leg, polyneuritis, vitamin A 
deficiency, tickets, bumblefoot, nutritional paralysis, tuberculosis, sod disease, 
parasites, perosis, range paralysis, or injury. External symptoms, autopsy 
findings, and the diseases indicated are summarized in Table 78. 

Post-mortem examination generally adds additional information to that 
obtained from external symptoms. 

The bird should be killed by breaking the neck. Cut the skin benveen the 
vent and rear of the keel around on both sides near the thighs and across the 
ribs. Press the legs away from the body until they are thrown out of joint. Pull 
the skin forward and to the sides to expose the entire breast and abdominal 
surface (Fig. 140). 

A cut should then be made through the muscles just back of the breast- 
bone and forward through the ribs on each side in the direaion of the at- 
tachment of the wings. Raise the rear of the keel and push it forward to 
expose the viscera. 

The organs should be examined carefully before removal. Obser^'e the air 
sacs, the pleural and peritoneal linings, the pericardium, and the mesenteries 
for indications of inflammation, unusual deposits, and the presence of ab- 
normal tissue. Look for the presence of fluid, yolk material, or other abnormal 
substances in the body cavit)*. 


Hoffmin and Stover, 1942. 




Table 78 

DIAGNOSIS OF DISEASES AS INDICATED BY EXTERNAL SYMPTOMS AND 


AUTOPSY EXAMINATION 


AUiurai - 

Structure, etc. 

Abnormalilict 

DiKire Indicited 

Comb 1 

Deep red 

Purple 

Pale 

Blister or scabs 

Cholera, botulism 

Cholera, poisoning 

Parasites, typhoid, tuberculosis, 
leukemia 

Fowl pox 

Eyes and nostrils 

Exudate in 

Colds, roup, vitamin A deficiency, 
coccidiosis, sod disease 

Mouth aod throat 

Ulcers in bloody 
mucus 

Roup, fowl pox, thrush 

Infectious bronchitis 

Feathers 

Unthrifty 

Worms, lice, mites, viumin defi- 


Falling out 

Feather pulling, botulism 

Wings 

Drooping 

Parasites, coccidiosis, vitamin d®* 
fidency, bacterial diseases 

Legs 

Lameness 

Paralysis 1 

Injury, gout, bumblefoot, vitamin 
deficiency, perosis . 

Leucosis, tapeworms, coccidiosis, 
tumors, viumin deficiency 

Neck 

Limber 

Twisted 

Botulism, poisoning, cholera, New- 
castle 

Worms, poisoning, tumors 

Diarrhea 

White 

Yellow 

Bloody 

Typhoid 

Pullorum, viumin A deficiency, 
worms, cholera, coccidiosis 

Cholera 

Coccidiosis, cholera, hemorrhagic 

Crop 

Distended 

Crop bound, sour crop 

Vent 

Inflamed, protruding 

Prolapse 

Weight 

Light, emaciated 

Parasitic, cholera, coccidiosis, leu- 
cosis, tuberculosis, C.R.D. 

Temperature 

Elevated 

Subnormal 

Cholera, typhoid, pullorum, tuber- 
culosis, tracheitis 

Botulism, viumin deficiency 

Respiration 

Difficult 

Bronchitis, gapes, aspergillosis, pneu- 
monia, Newcastle 
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DIAGNOSIS OF DISEASES AS INDICATED BY EXTERNAL SYMPTOMS AND 
AUTOPSY EXAillNATION (cODt’d.) 


Structure, etc. 

Abnormalities 

Disease Indicated 

Liver 

Enlarged 

1 Typhoid, leukemia, blackhead 


Spots 

Typhoid, coccidiosis, tuberculosis, 
tumors, blackhead 


Yellow 

Chilling, overheating 

Intestinal tract 

Gsngestion 

Cholera, parasites, coccidiosis, poi- 
sons, vitamin B deficiency, hemor- 
rhagic 


Thickened ulcers 

Parasites, coccidiosis, tuberculosis, 
blackhead 


Nodules 

Tapeworms, tumors, tuberculosis 

Kidneys 

Swollen, light colored 

\ntamin A deficiency, cholera, ty- 
phoid 

Ovary 

Discolored or irreg- 



ular ova 

Pullorum, tumors 

Heart 

Small hemorrhages 

Cholera 


Grayish spots 

Typhoid 

Lungs 

Congested with blood 

Cholera 


Pus spots 

Pullorum, pneumonia 


Green or brown 

Mycosis 

Trachea and bronchi 

Blood and pus 

Infectious bronchitis 


Worms in 

Gapes 

Air Sacs 

Pus in, thickened 

Newcastle, C.R.D., bronchitis 


The intestinal tract should be removed and split open with scissors. Look 
for thickened walls, hemorrhages, ulcers, worms, and other abnormalities. 
Observe the characteristics of the contents of the intestinal tract Suspension 
of a seaion of the intestine in a jar of warm water helps to reveal small 
worms. 

Open and examine the trachea for inflammation, mucus accumulation, 
and the presence of parasites. 

By checking the abnormalities found with the diseases indicated in Table 
78, it is often possible to diagnose the disease. Further proof may be se- 
cured by microscopic examination of tissues, bacterial cultures, and inoculation 
tests. 


Nutritional Diseases 

Unnatural brooding, housing, and feeding conditions; rapid growth; forced 
production; and the use of processed feedstuffs may often result in nutritional 
deficiencies. 

Vitamin A deficiency. Vitamin A deficiency disease is also known as 
nuttinonal roup and avitaminosis A. It may affect pouloy of all ages that are 
deprived of green grass range or other sources of vitamin A. 
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FI9. 140. Autopfy for diosnosing diteoM. 


Symptom! among growing chicks include slow growth, ruffled feadi^ 
paleness, drowsiness, staggering gait, inccHjrdination of movements, croudung 
on the hocks, inflimmatioa or dryness of the eyelids, cheesy material in the 
eyes, emaciation, weakness, and finally deaih. 

Sj-mptoms among hens include cessation of egg production, drowsing 
white cheesy material in the eyes, a nonodorous discharge from the nostril^ 
emaciation, weakness (Fig. I4l), staggering gait, whitish droppings, an“ 
low resistance against respiratory infections. 

Autopsy characteristics of vitamin A deficiency include pustule-like lesions 
in the mouth and gullet and swollen, grayish kidneys and ureters clogged with 
uric acid. 

More careful study reveals a degeneration of the epithelial lining of the 
respiratory system and the upper digestive system, nerve degeneration, and 
an excess of uric acid m the blexid. 

Pretention of vitamin A deficiency is accomplished by providing green 
grass range or feeding yellow ram, dehydrated alfalfa meal, and feedstuffs 
conuming corotene or vitamin A (Table 3, Appendix). 

FctrIs may be cured of vitamin A deficiency disease by feeding cod liver oil 
Of a solution of corotene in a vegeuble oil The vitamin A requirements of 
poultry are gn-en on page 278. 

Vitamin B, deficiency disease. This disease is also known as avitaminosis 
n and pol) neuritis. It is a nerve disease which may affect fowls of all ages de- 
pri\-ed of green grass range and fed degerminated grains. Since most rations 
contain the germs of grains, viumin B, deficiency is of rare occurrence. 
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Fis< 141. Some fat'SolubU vitamin deficiency dlteoset. Upper left, ricketi. Bird$ walk with 
o wobbly gait and »lt down much of the lime. Upper right, vitamin A deficiency. Note the 
unthriftinest end pole, dry ckin obout the hood end eyes. Lower, (7) normol bones with 
definite lines of calciricatlon at the Joints; (11) rachitic bones with poor coleiiication ot the 
Joints. 

Symptoms of vitamin deficient include loss of appetite, cessation of 
growth or production, spastic head contractions (Fig. 142), complete pa- 
ralysis, and high mortality. 

Autopsy reveals darkened and shrunken viscera and undigested food in 
the intestinal tract. The muscles are also darkened and shrunken. Peripheral 
nerves and those controlling the intestinal movements and secretory glands are 
partially paralyzed. Carbohydrate metabolism is affected and basal heat pro- 
duction is low. 

Prevention of vitamin deficiency is accomplished by feeding whole or 
ground grains containing the germs, wheat bran, and middlings; green grass 
or alfalfa meal; milk; packing house by-products containing glandular tissue; 
or other feedstufts containing vitamin B,. 

Fowls may be cured of polyneuritis by feeding yeast or pure vitamin Bj 
(thiamin) . Vitamin B, requirements of poultry are given on page 278. 

Curled toe paralysis. Tbis disease is most often encounter^ among grow- 
ing birds kept in confinement or in batteries and fed rations containing a 
large amount of vegetable protein fcedstuffs and a small amount of milk. It 
results from a defictenc)' of one of the factors of the vitamin B-G complex in 
poultry rations known as vitamin Dj, \'itamin G, or riboflavin. 

Symptoms of curled toe paralysis include slow growth, ruflled feathers, 
paleness, moving about on the hock joints, toes curling in. and. in advanced 
stages, lying on the floor with the legs sprawled out. 

Vitamin IK or G deficicnc)’ among mature birds is indicated by poor hatch- 




Fig. 142, S«m* vitamin B— G complex deficiency diMOtei. Upper left, "notched bea * 
reculting from riboflovin deficiency. (Unlvently of Cotifernia.) Upper right, pelyneun ‘‘ 
wiling from vitamin Bt deficiency. (Ohio Extension Bulletin 115.) lower leh, ehlex derm 
rewlting from a deficiency of pantothenic ocid. (Covrtery 1. C. Notri*-) lower right, eu 
toe porolytls and poor growth resulting from vitamin C or r'lbofiovin deficiency. 

ability with high embryo mortality the first week, and egg whites with little 
or no greenish opalescence , 

Autopsy may reveal flabby and withered leg muscles and sciatic an 
brachial nerve degeneration. . 

Control of curled toe paralysis is accomplished by providing the birds with 
a green grass range or by feeing good cjuality alfalfa meal, milk, whey, ot 
other feedstuffs containing vitamin G (Table 3, Appendix). 

The disease may be cured by feeding yeast or riboflavin. The vitamin Bs 
or G requirements of poultry arc given on page 278. 

Chick dermatitis. It is due to lack of the vitamin B-G complex known os 
the filtrate faaor, or pantothenic acid. It may occur among chicks deprive 
of green grass and fed rations containing much vegetable protein feedstufis 
and little milk, alfalfa, and nheat by-products. The disease seldom occurs, be- 
cause of the wide distribution of pantothenic acid in poultry feedstuffs. 

Symptoms of chick dermatitis include scabs or crustlike lesions around t^ 
e)cs and corners of the mouth and on the feet, granular and constricted 
margins of the ejelids with a sticky exudate, peeling off of the skin on the 
toes, and de>clopment of wartlike protuberances on the balls of the feet. 

Autopsy of chicks affeaed with chick dermatitis may reveal a puslike su^ 
stance in the mouth and a grayish exudate in the glandular stomach, eroded 
lesions in the giazard, enteritis of the duodenum, portions of the small in- 
testine and ceca distended with gas, and pale-colored liver and kidne)'S. 


Hg. 143. Mlicellaneowi nutritional troubles. Upper left, perosii. olso known os "slipped ten* 
don" and boeV disease. Upper right, beak neerosii. Feed sticking in the beak hoi caused 
the deformed beak, lower left, "croxy chick" disease. Mutritional eneepholomolocio shows 
similar symptoms. Lower right, gisxard erosion; top, normal gijxard lining; bottom, eroded 
lining. (Courtesy W. B. Esselen, Mossochvsefts Stote College.) 

Pretention of chick dermatitis is accomplished by feeding green grass or 
alfalfa meal, packing house by*products riA in glandular tissue, milk, wheat 
bran, molasses, and other fecdsmffs containing pantothenic aetd. 
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Click dem.ari.ls may be cured by feeing y^'j 
pantothenic acid. The tequuements ot chicks and layers fo p 

“ NSaTf^rpbalomalacia. This is a dise^e wMch 
tueen neo and seeen teeeks old (Fig. 143). It can be 

bv feeding chicks rations high in animal fat content. Bit fed 

the smi^dhease have been isetved under practical farm cond.nons and fed 

many different home-mbted and commercial feeds. ..traction 

Symptoms of nutritional encephalitis include ataxia, ttem , 
of the head, spasms of the legs. inco.ordination, prostration, stupo , 

Pathology of nutritional enccphalomalacia is indicated by 
softening of the cerebellum and sometimes other parts of the brain, 
of the brain covering, minute hemorrhages on the surface of the rain, 
greenish to brownish coloration and shrinkage of the necrotic areas. 

Apparently the chief causes of the trouble are rancid fats or umam 
fatty acids from fish sources, animal products in general, and perhaps ev 
some plant produas In the ration. I 

Nutritional enccphalomalacia can be prevented by reducing the 
level of unsaturated fatty acids in the ration or making sure that ttcon a 
7 to 11 I. U. of viamin E (alpha tocopheryl acetate) per pound. The a ' 
tion of 0.0125 per cent of the antioxidant, diphenyl-para-phenylene-diami 
(DPPD) will also protect against the trouble. ^ , 

Vitamin K deficiency disease. Vitamin K deficiency results in a 
disease charaaerized by hemorrhages and slow cloning time of the blood, 
affects growing chicks deprived of natural feedsruffs and may also affect ma 


ture birds. 

Symptoms of vitamin K deficiency include paleness or anemia, excessi' 
hemorrhage from minor wounds, cannibalism, and feather picking. 

Pathology of vitamin K deficiency is indicated by small hemorrhages t^ 
neath the skin and elsewhere tn the body. The hemoglobin content of t e 
blood is low and the clotting time of the blood is delayed. 

Pretenrwn of vitamin K deficiency is accomplished by 
with green grass range or by feeding alfalfa, meat scraps, or 
ration. 

Hemorrhagic disease. This is a relatively new disease occurring among 
chickens 6-10 weeks old, raised in confinement and fed antibiotic and coc- 
cidiostatic drugs. The symptoms and pathology are much the same as m 
vitamin K deficienc)’. The disease may be produced experimentally by fc^' 
ing higher than the recommended dosage of sulfaquinoxaline to 3-<> 
old chickens. The drug probably interferes with vitamin K utilizatioa The 
trouble may be correaed by removal of the drug, feeding 3 to 5 per 
alfalfa or adding 5-20 gram of vitamin K (menadione) per ton of fe^- 
Rickets. This ts a vitamin D deficiency' disease which inhibits normal min* 
cral assimilation It affects birds of all ages that are kept in confinement un- 
less vitamin D ts supplied in some forra 


providing birds 
fish meal in the 
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Symptoms of rickets among growing birds include a wobbly gait, sore 
joints, a tendency to squat down much of the time, ruffled feathers, poor 
growth, crooked bones, emaciation, and death. 

Rickets among mature birds is indicated by low egg production, thin egg- 
shells, poor hatchability, crooked breastbones, and temporary paralysis. 

Pathology of rickets is indicated by soft, spongy bones of low ash content; 
wide zone of uncalcified tissue at the ends of the tibia (Fig. 141); calluses 
at the junctures of the sternal and vertebral portions of the ribs, and enlarged 
thyroids. 

Prevention or cure of rickets is accompHshwi by providing chickens with 
direct sunshine, feeding fish oils or other sources of vitamin D, and by ir- 
radiation under ultraviolet lights. The vitamin D requirements of chickens 
are given on page 274. 

Perosis. This is also known as slipped tendon or hock disease. It is a bone 
disease aflPecting the hock joints of growing birds. It occurs most frequently 
among chickens which are raised on wire or in confinement and fed rations 
of high mineral content. 

Symptoms of perosis Include a slight puffiness of the tissues about the 
hock joint; discoloration due to subcutaneous hemorrhage; or crooked legs. 

Pathology of perosis is indicated by an irregular line of ossification of the 
end of the tibia at the hock joint and the Achilles tendons slipped from the 
condyles. 

Prevention of perosis is accomplished by raising chickens on range or in 
confinement on straw litter rather than on wire; by avoiding an excess of 
phosphorus in the ration; and by feeding alfalfa, oats, middlings, rice bran, 
or a trace of manganese in the ration. 

Chickens in the early stages of perosis may return to normal if the system 
of feeding and management is corrected. 

The mineral requirements of growing chickens are given on page 278. 
Gout. Gout is a disease that generally affects mamre birds, fed a high 
protein ration and given little exercise. The disease is charaaerized by 
swollen joints, chalk-like covering of the viscera and swollen pale kidneys. 
The trouble may be corrected by reducing the protein intake and providing 
range. 

Indigestion. This is the lack or failure of digestion. Mechanical obstruc- 
tion to the passage of food may be a cause of indigestion. 

Crop-bound trouble may result from irregular feeding, partial starvation 
followed by giving feed before water, change from confinement to range, 
and feeding coarse, dry, fibrous, or decayed feed. 

Crop-bound .condition may be relicv^ by injecting water into the crop, 
loosening the material by massage, and emptying the crop by gentle pressure 
on it with the head of the bird pointing downward. If this fails, it will be 
ncccssar)’ to open the crop by making an incision on the upper part of the 
organ. Pull the skin which covers the crop wall to one side and cut through 
it; then push it back and cut through the crop wall. Remove the contents 
and sew up the crop membrane with ordinal)’ thread which has been dipped 
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in tincture of iodine. Sew up the skin separately. Feed soft feed for a ew 

cop is indicated by detention of the crop 
noy be reLcd by injeaion of soda water (tw-o f. 

in a pint of water) into the crop and forcing the material out y S 
while holding the bird by the feet and the head down. j 

CoiunpalionmayberelievedbygivingEpsomsaltsatthera 

per hundred hens in two gallons of drinking water or in wet “ 

dosage consists of one-half teaspoon of Epsom salts m one to nt 
of ««er. It may be given with_a hollow mbe wi* a bulb on *= 

Poisoning. Cases of poisoning among ^iJtry are 
The bird’s sense of taste will usually protea tt if it is well fed and P 
from unusual, alluring objects. Cases of poisoning ate more common 
birds allowed to run at will than among those kept in confinement. 

Symptoms of poisoning include sudden appearance of a large n^^ 
birds with dark red combs, elevated temperanire, w'eakness, wo J $ 
prostration, limberneck, and higfi mortality. ranee 

Autopsy findings in case of poisoning may reveal a parboiled appearan^^ 
of the crop, severe inflammation of the intestinal tract, and die presence 
poisonous substances in the aop or gizzard. . _ 

Causes of poisoning among fowls include spray matetiab; rat poisons, ^ 
cessive amounts of medicinal products, such as bichloride of r^cury 
copper sulphate in the drinking water, overdoses of parasite temedi^ su 
as nicotine sulphate and kamala; dusting and fumigating compounds, su 
as cyanides; decomposed animal tissues; paint skins; and rose chafe» 
Control of poisoning may be accomplished by shutting the birds off range, 
giving 3 laxative, and changing the ration. 


External Parasites 

Flies, lice, mites, ticks, and fleas arc the most important of the 
species of external parasites that infest poultry. They cause discomfort, skiu 
irritation, loss of plumage, stunted growth, and deaeased egg produaiou- 
External parasites may also serve as carriers of baaerial and virus diseases 
from one bird to another. 

Flies. Flies arc as much of a menace to the health of poultry as they are 
to that of people. They cause discomfort to the birds by their biting and 
blood-sucking habits. They are more harmful as possible carriers of disease 
germs and parasites, for exa mple, the larvae of tapeworms (p. 363). 

Fly reproduction consists of laying eggs in damp manure, wet Utter of 
straw, vegetable wastes, and similar places. The minute creamy w’hite egg* 
hatch in 1 to 3 daj-s. As soon as they are hatched, the larvae begin feeding 
on bits of the moist breeding pho: materiaL When hatched, the larvae are 
translucent and not easily seen. When full grown, they are pale yellow or 
nwly white and about four-6fths inch long The lars'ae ( maggot) period las« 
about 11 days under favorable damp, warm, dark conditions. The larvae g® 
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through a contracted, thickened pupal state which 
requires another 10 or 12 days. Under favorable con- 
ditions flies develop from eggs to adults in about 
3 weeks. In cold climate, flies generally survive the 
winter in the larval or pupal states. 

Fly control may be accomplished by destroying the 
damp breeding places or keeping them screened. Lin- 
dane may be used as a spray, at 0.25% concentration; 
or in food handling rooms, chlordane may be used as 
a spray at 0.5% concentration for spraying the out- 
side of buildings or uncovered manure. DDT may be 
used for the same purpose at a 1 per cent concentra- 
tion. Malathion or diazonin may be used in a dry 
bait for DDT resistant flies. One part of the poisonous 
insecticide may be mixed with 100 parts of sugar, 
and the mixture sprinkled thinly over the floor. It is 
poisonous to pets, farm animals and humans and must 
be used with care. Commercial mixtures of fly killers 
are on the market. They should be used according to 
the instructions of the manufacturers. 



Lice. Over two thousand species of bird lice 
have been described, and of these, forty or fifty 
may be found on poultry. An individual may 
harbor several species. They are generally re- 
ferred to as body lice, head lice, shaft lice, 
wing lice, etc. 

Characteristics of lice. Lice are small, flat- 
tened insects seldom more than one-eighth 
inch in length, and yellowish or gray in color 
(Fig. 144). They live on birds on the skin and 
at the base of the feathers, and spend their 
entire life cycle there. Lice have biting and 
cutting mouth parts and feed upon scales of 
the skin or bits of feathers. The biting of lice, Hg. 144 . Top, tho mal« h«ad 
together with their sharp claws and spiny top greofly enlorged. 

structure, causes considerable discomfort to bottom, egg* (mh) of 

I* j 1.- i_ ( !• T • II I the common louie at the bote of 

birds on which they live. Lice seldom leave an fBoiher. 
individual except by accident or to migrate to 

another individual of the same species. They cannot live more than a week 
or so away from the body of the fowl. Lice lay eggs at the base of feathers. 
Body w-atmth hatches them, and they mature in 10-20 days after hatching. 

The body louse is probably the most common parasite of poultry. It is 
most easily located in the region below the vent. In cases of bad infestation, 
the body louse may also be found on the back, breast, and under the wings. 
Body lice cause skin irritation and may produce scabs and blood clots. They 
infest chickens, turkeys, and other spedes of poultry. 
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rhe he^ louse is found on .ho hood and noA of 
It is dark gray in color and about one-tenth inch long. I y 
damage among yoimg chicks and poults. j *.Uom on 

The shaft louse is found along the shaft of the 
the skin. It feeds on the barbs of the feathers and the scales along 

Turkeys, ducks, geese, pigeons, other fowls, and wild birds are infested 

with several other species of lice. „„„;n(T the 

Control of lice. Poultry may be rid of lice most easily by 
roosting areas with water solutions of lindane (0.25 per «nt), 
hexachloride (BHC) (0.25 per cent, gamma), 

DDT (4 per cent) -b lindane (025 per cent), nicotine sulphate (4 per « ; 

-b lindane (0.25 per cent), or malathion (3 per cent). The . 

by vaporization of the inseaictdes within 4B hours and the burns 
free of the parasites for at least 8 weeks. These newer f n 

simple method of application are more effective and require less labor 
the older greasing, dipping and dusting methods. _ 

Spraying the roosting quaners with the birds in the house is not ha 
ful to the birds. The spraying may be done without harm to^ the 
if a mask is worn and the skin proteaed a^inst the insecticide. ** . . . 
not result in toxic poultry products because little if any of the materia 
eaten by the birds or comes in contact with the eggs or skin. 

Dusting once with sodium fluoride or sodium fluosilicate kills the he® o 
birds and also the young lice that hatch from the e^s. The bird is held on a 
table while the powder is applied next to the skin under the feathers 
follows: one pinch on the head, one on the neck, two on the back, one on 
the breast, one below the vent, one on the tail, one on each thigh, and one 
on the underside of each wing. 

DDT used in 10 per cent strength as a dust is of about the same value as 
the dust form of sodium fluoride for the eradication of lice. It does not pr®* 
vent teinfestation after two or three weeks, which is approximately the h ® 
cycle. 


Mites {Ascarina) 

Mites ate closely related to spiders. There are several species which inf®**- 
poultry. They have different habitats and require different methods of contro . 

The roost mite. The roost mite is a very small gray insect which lives lO 
cracks and aevices about the perches, under boards, and in fecal material and 
liner near the perches and nests. Great numbers of mites attack a single bird 
at night when on the roost and sude its blood. After feeding, the mites app®^ 
ted. They aawl back to their hiding places and lay eggs. A female lays about 
four eggs in twenty-four hours and feeds again before laying another four 
eggs. The cycle may be repeated «gjjt or more The eggs hatch in about 
two days during warm weather. The young mites reach maturity in abo*^' 
a week (Fig. 145). 
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Fig. 145. Th« l!f« cycle of the common roo»t or red mite. 


One should keep a close watch for mites in the summertime and at all 
times of the year in heated houses. The birds attacked by mites appear un- 
thrifty and pale as a result of the loss of blood. Pens badly infested with 
mites have a characteristic odor. New houses and equipment are just as likely 
to become infested as old ones. Patches or colonies of the mites may be seen 
by lifting up the perches and looking underneath them or by loosening caked 
manure or litter about the perches or nests. These appear as gray or reddish 
masses of the small insects. 

The red mite. The red mite may be controlled by providing dry, well- 
ventilated, and w’ell-Iighted houses and keeping them free of wild birds. 
In case mite infestation is found, the roosts, adjacent walls, dropping boards, 
feed roosts, outside surfaces of nests, and other harborages should be sprayed 
with DDT-lindane, nicotine sulphate, nicotine sulphate-lindane or malathion 
(1 per cent) as described for lice (p. 352), The mites are destroyed in 3 
or 4 days by coming in contact with the insecticide. A thick crust of manure 
on the roosting areas w-ill reduce the effectiveness of the treatment. Red 
mites may also be controlled by thoroughly cleaning the perches and nests 
and painting them once or tsvice a year with a wo^ presen'ative contain- 
ing anthradne oil. Painting the perches w'ith oil is fairly effeaivc, but it 
must be repeated more often. 
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The mites eie found in greo^t numbers W™ 


nd m crcaivbt . 

tail, and sometimes on the neck. The feathers on “ifaS 

appearance, owing to the presence of rhe mrtes, and rhe skm may bo 
and^cabby as a result of the blood-sucking habits of the parasite, 
live among the feathers, lay eggs on the barbs, and spend their 

^Feather mite control may be accomplished by keeping wild ^ 

poultry house and avoiding the movement of birds between farms, 
of feather mite infestation, spray the house with nicotine sulphate .v 

sulphate-lindane mixmre in the concentration recommended for lice ( p. ^ h 
and as sprayed for red mite control (p. 353). The house should be sprayea 

twice, about 3 days apart. « n V,»< and 

An ointment, consisting of one part of pulverized rupthalene ° m 

two parts of vaseline, rubbed into the skin and around the vent an ta 
will rid birds of feather mites. . . 

The depluming mite {Cnemidocoptes galUnae). The depluming^ ^ 
is a small itch mite which lives at the base of the feather. The intense 
tion causes the bird to pull out its own feathers. In severe cases the bird may 
loose nearly all of its feathers except the large ones on the wings 

Repealed applications of sulphur ointment (one part sulphur in four parts 
of vaseline or lard) will destroy the depluming mite. 

Dipping birds in a cub of water conuining two ounces of orchard spray 
sulphur and one ounce of laundry soap to each gallon will destroy the^ e 
pluming mite. The treatment should be used during a warm day Of * 
warm house and the birds thorou^ly soaked in order that the material wi 
reach the base of the feathers and the skin. 

The scaly leg mite. This is a small itch mite which burrows under the 
scales of die shanks. The severe irritation causes an accumulation of grayis • 
dry debris and a loosening of the scales. The shanks appear to be enlarged 
and rough (Fig. 146). In severe infestations the bird may become lame an 
the feet defotmed. Chickens, turkeys, other species of poultry, and game 
birds may become infested by the scaly leg mite. 

The life cycle is spent on the bird. The mites lay eggs as they burrow their 
channels beneath the scales The eggs are hatched and the young gro^ 
maturity beneath the scales of the shanks. _ 

Birds may be cured of scaly leg mite infestation by soaking and washing 0“ 
the crusts and scales with warm soapy water, drying the shanks, and then 
dipping them in a mixture of one part kerosene and two parts of raw linseed 
oil. 


Chiggers. The small, almost microscopic chiggers which annoy man may 
also infest poultry that run on range. They collect in groups, cause extreme 
irritation, and small abscesses are formed where they feed. Chiggers may 
cause mortality among growing stock and unthriftiness among adult stock- 
Chigger infestations may be prevented by hatching chicks early and by 
keeping them off ranges where the mites occur. 

Frequent light dusting with flowers of su phur will keep the chigger mite 
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Fig. 1^6. Legs of a chicken qs they commonly oppeor with teely leg. (Ohio Extension Bui* 
ietin 115.) 

infestation under control. In case of severe infestation, the application of 
sulphur ointment as used for the depluming mite (p. 354) is effective. 

Ticks and Fleas 

These parasites are common infestations of poultry in the southern states. 

The fowl tick {Argas persicus). The fowl tick generally infests chickens 
but may also infest other species of poultry. It is a blood-sucking insect about 
one-fourth inch in length. The life history of ticks is much like that of the 
roost mite in that they hide and lay eggs in cracks or secluded spots and at- 
tack the birds and suck blood. Ticks may live for many months without food. 

A wood preservative containing anthracene oil or an oil spray applied to 
the perches as in the treatment for the roost mite (p. 353) is effeaive against 
tick infestation. 

Fleas {Ecbidnopbaga gallitiacea). The chicken flea, or sticktight flea, is 
a common parasite of poultr)' in the southern states. The fleas attach them- 
selves to the comb, face, earlobes, and wanles and remain there for several 
days. Tliey lay eggs while attached to the birds. The eggs incubate in the litter 
or on the ground in about a week. The }oung fleas feed upon the droppings. 



They go through a series o( developmental stages and then attack birds, 
entire life cycle requires thirry to sixty days. ranied by 

Flea infestation is rather hard to prevent becat^ the 
dogs, cats, rats, and wild birds. Dust on the floor and the soil under the poultry 

house ate ideal places for flea development. r roultrr 

Dogs, cats, add other carriers of fleas should be kept away from the l»u ^ 
house! In case of infestations, the houses should be cleaned and the houses 
and yards sprayed with creosote oil. . , 

Fowls may be treated with the sulphur ointment recommended to 
pluming mites (p. 354). 


Internal Parasites 

Internal parasites of poultry include the round and flatworms. 
no symptoms specific enough for diagnosis. Birds should be autopste an 
the worms fotmd. Most species of worms are large enough to be seen wi 
the naked eye. 

Worms cause stunted growth, emaciation, weakness, and death am & 
growing stock, and poor vigor and low egg production among mature ‘ 
The extent of the injury will depend upon the age when infested 
severity of the infestation. Worms cause obstruaion to the passage of | • 

injure body tissues, thereby making birds more susceptible w bacterial an 
virus infeaions; produce toxins; and use the bird’s food for their own gfo 
and reproduction. ^ 

Worms reproduce by eggs which are passed out with the droppings- y*/ 
must undergo incubation outside the body or in an intermediate host wfom 
they are infective. Birds become infested by eating material from contaminaten 
soil or litter and by eating intermediate hosts such as insects and worms. 


Worms 


Roundworms. Roundworms are usually long and cylindricaL Their loca* 
tion is generally mote varied than that of upeworms, different species being 
located in different parts of the body. There are many different species oi 
roundworms. The principal ones ate the large and small roundworms and the 
ceca worms. 

Large roundworms {Ascaridia lineata). Large roundworms may h« 
foimd in birds of all ages, but cause most serious damage among birds under 
three months of age. 

Symptoms of large roundworm infestation are unthriftiness, drooping or 
sagging of the wings, paleness of the head, and emaciation among young 
stock. Lowered egg production and emaciation are symptoms among marure 
birds. 

Autopsy of birds infested with large roundworms reveals grayish-white 
slender roundworms one and one-half to four inches in length in the small 
intestine. They may be so numerous as to completely plug the intestine (RS* 
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Fig. 147, Roundworms from small Intestines of o chicken and a portion of intestine filled 
with roundworms. 

147). They may penetrate the intestinal wall during growth, thereby causing 
injury and loss of blood, and permitting baaeriaJ infection. 

Occasionally a roundworm may wander up the oviduct from the cloaca 
and become enclosed in an egg. 

Life history of the large roundworm is illustrated in Figure 148. The worms 
lay microscopic eggs in the intestinal tract which are passed to the outside 
with the droppings of the bird. Under favorable conditions of warmth and 
moisture they incubate and become infeaious in from ten to sixteen days. 
Tlie embr)'onared worm is Iiberat«f from the shell when the egg is eaten along 
with other material picked up from contaminated soil or litter. The young 
worms may burrow into the wall of the intestine for a period after hatching 
and cause considerable damage to the lining. They then return to the in- 
testine and grow to maturit)’ in about t^'o months from date of hatching. 

Prevention of large roundworm infestation is accomplished by the use 
of clean range; elimination of wet, shady places in the chicken yard; isola- 
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tion stage tn soil. 


tion of young birds from old ones, avoidance of wet litter in the brooder 
house; and the use of a starting and growing ration of good protein and 
vitamin content. 

Treatments may be used for roundworm infestation, but they will be only 
temporarily effective unless the source of infestation is eliminated. Some of 
the treatments are as follows: 

No. i . Give each bird a No. 2 capsule containing .35 gram of a mixture of 
6 6 cubic centimeters of a 40-per cent nicotine sulphate and 16 grams of 
Lloyd's alkaloidal reagent (a selected fuller’s earth). 

No. 2. Give each mature bird one cubic centimeter of tetrachlorethylene 
or carbon tetrachloride in a gelatin capsule or with a pipette. Reduce si^ of 
dosage for smaller birds. Care must be uken that the drug does not get into 
the lungs. 
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No. 3. A single flock treatment consists of one teaspoon of oil of cheno- 
podium, thoroughly mixed with a moist mash for each lor of twelve birds. 

No. 4. A preventive flock treatment is the addition to the mash of 2 per 
cent by weight of tobacco dust containing at least 1.5 per cent of nicotine, 
and feeding this mixture to the flock for a period of three or four weeks. 
Treatment may be repeated at three-week intervals as often as necessary. 

Individual treatments are more effective than flock treatments. In the latter 
method, the birds that need the treatments the worst have a poor appetite 
and do not eat enough of the material for it to be effective. 

For a few days following the administration of vermifuges, the birds 
should be confined so that the worms and eggs expelled may be removed with 
the Utter and burned. 

Gapeworms {Syngamus trachea). Gapeworms cause "gapes” or a gasping 
for breath among chicks during the brooding period. 

Symptoms of gapeworm infestation are dullness, ruffled feathers, loss of 
appetite, stretching of the neck with a yawnUke opening of the beak, con- 
vulsive shaking of the head, sneezing cough, expulsion of frothy saliva from 
the beak, and high mortalit)’. 

Autopsy examination of the trachea of birds infested with gapeworms re- 
veals inflammation of the lining, an accumulation of mucus, and the presence 
of small, slender, reddish roundworms one-fourth to one and one-half inches 
in length, clinging to the inner lining. 

The life cycle of gapeworms is direct. The microscopic eggs are coughed 
up, swallowed, and expelled with the feces. They undergo incubation and may 
hatch outside the body. Either the cmbtyonated eggs or the worms cause 
infestation when contaminated soil, litter, feed, or water is consumed. The 
young worms reach the lungs within a week and in another week or so will 
have matured and become imbedded in the trachea. 

Earthworms play an important part in the spread of gapeworms. The eggs 
snay he eaten by earthworms and these in rum by fowls. Turkeys and 
guinea fowls may carry gapeworms throughout their whole life and thus 
may serve as a source of infestation for chicks and young turkeys. 

Control measures include clean range, isolation of young stock from old 
birds, and keeping birds shut up until the dew has dried off and the earth- 
worms have crawled back into the soil. 

Treatment corwists of inhaling barium aniimonyl tartrate dust for 15 to 
20 minutes. Place the birds in a closed box. Pump in about one ounce of the 
dust fo each 8 cubic feet of box space with a dost gun. Then tilt the box 
back and forth so that the birds will keep the dust stirred up by wing move- 
ment and will breathe more vigorously. 

Cecal w'orms {Heterakis gallinae). The common cecal worm of poultr)’ 
occurs in the ceca of chickens, turke)’S, ducks, and geese. It is a small, white, 
roundworm three-tenths to one-half inch long and may occur m very large 
numbers, causing a serious inflammation of the ceca, especially in young 
chicks. This parasite may also carry the protozoan which causes blackhead 
in turke)’S. 
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Th. life cycle is very similar ro that of the large 
voided in the droppings become embryoiui^ m sev;cn to 
rfcen into the body, they hatch in the small iniest.ne and 
in the walls of the cloaca. After a short tune they temrn to , 

ceca and develop into adults. The entue life cycle requites eight or nm 

ee^s have a thick shell and may remain infectious after a ywr or more 
in the s^. Earthworms ingest cecal worm eggs, and may become 

fested by eating these worms or by ingesting food contaminated with 

Prevention measures against cecal worm infestation include j' 

tary measures, rotation of yards, and isolation of young chicks from ^ ^ • 
'Treatment for cecal worm infestation b the use of a mash contammg • 
per cent phenothiazine. The mixture b moistened with water to ® * 
crumble mash and fed after the regular feed is withheld for two or thr 
hours. The use of this mash for a six- to eight-hour period will remove near y 
all of the cecal worms. , 

Small roundworms {Capillaria amulata). As with the large 
worms, small roundworm infestations may be found in chidtens, turkeys, 
and game birds of all ages. 

Symptoms of small roundworm infestation include droopines^ anemj^ 
muscular weakness, loss of appetite, foul breath, emaciation, twbting of * 
neck, and paralysb of the legs. , 

Autopsy of birds infested with small roundworms reveals the presence o 
delicate, slender, colorless, hairlike worms one-half to one inch in length m 
the gullet, crop, small intestine, or ceca. The worms are hard to see with the 
naked eye unless the sections of the intestinal traCT are suspended m clear 
water. Crop infestation results in milky fluid crop contents w’ith a foul odor, 
inflammation and thickening of the crop wall, and the formation of a necrotic 
false membrane. Intestinal species may be found in the lumen of the intestine 
or threaded in the surface of the mucous membrane. 

Life history of small roundworms varies with the species. It may be direct 
as in the case of the large round and ceca worms or it may require earthw’orms 
as intermediate hosts. 

Prevention of small roundworm infestation should include the same sani- 


tary measures used for large roundworm controL 

Treatment for small roundworm infestation is only partially effeaive. Car- 
bon tetrachloride, given in one cubic centimeter doses, as for roundworms, 
and repeated in seven days b partially effeaive. 

Gizzard worms {Cbeilospirura bamulosa). Gizzard worms infest diick- 
ens, turkeys, water fowls, and game birds. 

Symptoms of gizzard worm infestation include dullness, loss of appetite, 
emaciation, weakness, and death. 

Autopsy of birds infested with gizzard worms reveals the presence of 
slender, reddish, roundworms one-half to three-fourth inch in length in the 
mus^larure of the gizzard near the entrance of the proventriculus. Nodules 
may be present on the surface of tfie gizzard in ihb region. 
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The life cycle of the gizzard worm requires the grasshopper as an inter- 
mediate host. The eggs, passed our wJA die droppings, are eaten by grass- 
hoppers. The larvae hatched from the eggs undergo development in the 
muscles of the grasshopper and become infeaive in a few weeks. If the grass- 
hopper is eaten by a susceptible bird, the larvae are set free and grow in the 
gizzard of the fowl and reach maturity in two or three months. 

Prevention of gizzard worm infestation includes frequent removal of the 
litter and droppings and confinement of birds to runs with short, thick vegeta- 
tion rather free range having tall, dry vegetation. 

Treatment for gizzard worm infestation is only partially effective. Tbe 
carbon tetrachloride treatment used for small roundworms may also be used 
for gizzard worms. 

Eye worms {Qxyspirura mansoni). Eye worms may infest chickens, 
turkeys, and wild birds. They are most common in the southern states. 

Symptoms of eye worm infestation Include constant winking of the eye, 
frequent rubbing of the head on the feathers of the wing, the scratching of 
the eye with the foot, puffy and inflamed eyes, and a discharge from the eyes 
and nose pasted over the feathers. 

Autopsy of birds infested with eye worms reveals small, white, threadlike 
worms approximately one-half inch long beneath the nictitating membrane 
of the eye. Firm pressure applied to the tear sac at the inner corner of the eye 
will cause the worms to wiggle out over the eyeball, where they may be 
seen. 

The life history of the eye worm requires an intermediate host. The cock- 
roach is one of the hosts. It eats the eggs and the larvae develop in its body. 
When fowls eat Infested cockroaches, the worms are liberated in the aop. 
The worms crawl up the gullet to the mouth and then through the tear 
ducts to the eye. 

Prevention of eye worm infestation consists of eradication of hiding places 
for cockroaches such as boxes, boards, and other unnecessary equipment. 
Frequent removal of litter and droppings will also help remove the sources of 
the worm eggs for the roaches. 

Treatment for eye worm infestation consists of dropping wo or three 
drops of a 5 per cent solution of bui}’n into the eye as an anesthetic; lifting 
the nictitating membrane and putting a drop or two of 5 per cent creolin di- 
realy on the worms; and, immediately after applying the creolin, washing the 
eye thoroughly with warm water. 

Glandular stomach worms {Tropisurus americanus). The glandular 
stomach worm affects chicks during the growing period. 

Symptoms of glandular stomach worms include poor appetite, weakness, 
anemia, emaciation, diarrhea, and death. 

Autopsy of birds infested with glandular stomach ts-orms reveals a swell- 
ing of the proventriculus, inflammation, hemorrhage, and destruaion of the 
glands. 

The life history of glandular stomach worms requires grasshoppers and 
cockroaches as interm^iatc hosts. Eggs picked up by these inseas hatch 
within their bodies and the !an‘ae develop in their muscles. When fowls eat 
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the infested insects, the larvae are liberated and enter the 


elands of the proventriculus. , 

Prevention of glandular worm infestation 
frequent removal of droppings and litter an eep g 
fowls away from cockroaches and grasshoppers. 

There is no effeaive treatment for glandular worm 


lestation. , . , 

Tapeworms (Cestoda). Tapeworms infest 
turkeys, and other species of poult^ and 
festations appear to be most noticeable in the ^ a 
early winter. Tapeworm infestation is more detrimenta 
amonc younc than old birds. 

^ b ^ . . t.. j,. j,rtf,niness. 


Symptom! of tapetvotm infestation include dtoopinea 
weakness- oaleness of comD> 


ruffled feathers, diarrhea, weakness, paleness of comD, 
twisting of the neck In unnatural positions, and ffl® 
ness or paralysis in one or both legs. 

Autopsy of birds infested with tapeworms reveals e 
presence of 0at, white, segmented, ribbon-like 
fastened to the wall of the small intestine (Fig. i 
They may vary from microscopic dimensions in some 
species to ten inches in length in others. Numerous pft>' 
cubetances or nodules may be observed on the outer sitf* 
face of the small intestine opposite the joints of awe 
meat of species of small tapeworms to Ae inner lining. 
The nodules may consist of pus or greenish-yellow ne- 
crotic materiaL Intestinal catarrh is common. 
cogiTtiT ketiesi. The life history of tapeworms requires intermedia e 

Tg»»i imusioii siiTicf hosts such as flies, earthworms, beetles, grasshoppers, an 

F5g. U9. Urge tope- j 5 Q) themselves to me 

Tmon’Mn. 'll I intestinal waU by means of heads (scolexes) povidrf 
fowl. with hooks or suckers, or both. Segments containing eggs 

grow from the head or neck part of the worm. The seg- 
ments break off and pass out with the droppings. The intermediate hosts eat 
the eggs, hatch them, and develop the young worms into a bladder worm stage. 
When the flies, earthworms, grasshoppers, or other carriers of tapeworm 
larvae are eaten by fowb, all except the heads of the bladder worms are di- 
gested. The heads attach themselves to the mucous membrane of the small 
intestine where they develop segments and start another generation. 

Prevention of tapeworm infestation oinsists of using clean range or keep- 
ing birds in confinement, raising young birds separate from old birds and 
quite a distance from them, avoiding manure piles or keeping them screen^ 
away from flies, using well-drained and aerated range, and raising birds iu 
screened-in brooder houses. 

Treatment for tapeworm infestation is not satisfactory. Some treatments 
"shear" off most of the segments but leave the tapeworm heads attached. New 
chains of segments form and begin to pass out with the droppings in two or 
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in indirect life hiitory of e topeworm or round* 


three weeks. Kamala and some other treatments that have been recommended 
in the past not only are ineffective against tapeworm removal but are harm- 
ful to the birds. No treatment can be recommended until research develops 
a means of reaching and killing the heads of poultry tapeworms. 

Flukes (tremacodes). Fluke worms are not common parasites of poultry 
at the present time. In recent years they have been found in the skin, pro- 
ventriculus, cloaca, and ovidua of chickens in some of the North Central 
states. Birds having access to swamps may become infested. 

Symptoms of fluke w'orm infestation of the cloaca and oviduct are dullness, 
loss of weight, paleness, and decreased egg produaion. 

The skin fluke impairs the health of the fowl and produces c)'sts in the 
skin in the abdominal region and around the vent. The cj’sts are smooth and 
shiny, grayish-white in color, and vary from two to ten millimeters in diam- 
eter. Most of them show a small black pore through which eggs pass. 

Autopsy of fowls infested with fluke w'orms may show peritonitis and 
collapsed osniles containing grayish-yellow material mixed w’ith fibrin and 
pus. The proventriculus may be enlarged and inflamed. 

Close examination of the affeaed tissues reveals the presence of small, 
flat, unsegmented, leaflike, reddish w’orms one-sixth to one-fourth inch long. 

Since fluke worms infest the ovidua and cloaca, they may be found occa- 
sionally in eggs. 
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The tile hi, lory of the oviduct fluke involves snatU and 
been found in crows and English sparrows and may be s^ead 

Coitirol of fluke worm infestation may be accomplished by k«p g 
ens fenced away from ponds, swamps, and other wet places, and thus pte- 
venting them from eating dragonflies. 

English sparrows should also be kept aw'ay. 


Protozoan Diseases 


Protozoa are microscopic, single-celled animals. Many species 
namre but only a few of them are pathogenic. The two most common p 

■ ■ r s.... 


zoal diseases of poultrj* are coccidiosis and blackhead. 

Coccidiosis (Eimeria avium). Coccidiosis is a disease of the sm 
testme and ceca of chickens and other birds. It is most injurious am g 
chickens six to ten weeks old, but may affea older or younger birds. 

Symptoms of coccidiosis among growing stock include droopmess, 
feathers, eyes closed, diarrhea, droppings streaked with blood, poor appe 
emaciation, paleness, and greatest losses six to ten days following the onset 
symptoms (Fig. 151). ^ umKS. 

Symptoms of chronic coccidiosis among older birds include 
.loss of appetite, ruffled feathers, droopiness, emaciation, and leg weakness 
paralysis. . 

Autopsy findings among growing chickens infeaed with coccidiosis 
elude swollen, darkened, and firm ceca; inflamed and thickened cecal wans, 
and contents consisting of yellowish, cheesy, blood-stained material.^ ^ ^ 
Autopsy findings among older birds infected with chronic coccldosis m 
dude thickened and inflamed intestinal wall of the small intestine in t e 
region of the duodenal loop, ^yish white spots showing on the outer lO 
testinal surface, and a stidry mucous exudate covering the inflamed 
hemorrhagic areas lining this portion of the intestine. 

Microscopic examination of the scrapings from inflamed areas and ® 
intestinal contents of birds infected with oxcidiosis reveals the presence 
coeddia in some stage of development. The oocysts appear as round ova 
bodies having a dark center, dear surrounding zone, and a double walL 
The life cycle of coeddiosb is direct. The oocysts, which are the largest 
and most resistant stage of the organism, are pas^ out with the droppui^ 
from an mfeaed fowl. Under favorable environmental conditions of warrntn 
and moisture outside the body, the oocysts sporulate in one to three da^ 


with the formation of sporocysts. The sporulated oocysts are infeabe i 

.vr. K,. klwj l-k™.-! r .C : Witt 


picked up by a susceptible bird. Development continues after ingestion w»t] 
the formation of small, spindle-shaped bodies (sporozoites). The sporozoites 
arc released from the oocyst shell and enter the epithelal cells of the intestine, 
where they develop into forms known as schironts. The schizonts gbe rb® 
to small sporelike forms called merozoites. The schizont to merozoite to 
schizoot cycles are repeated several times in the intestinal wall w’ith resultant 
hemorrhage and injury of the mucous membrane. 
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Fig. 1S1. Top, bod cam of coccidloit*. {Cowrtoty W. A. Billing*, Univonify of MInnetota.) 
Confer, enlarged eeca from o fowl Infected with cecctdioiii. (Courtety C. £. lompmon. Uni* 
versify of Idoho.) Bottom, the life cycle of cocddiotii, {Colifornio Agricullurol Experiment 
Station.) 


The mcrozoites finally develop mio male and female forms and, after 
union, oocysts arc again formed and passed out in the droppings. The com- 
plete life cycle generally requires from four to ten days. 
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Spoiulated and nonsporulated oocysts arc quite resistant to adverse en- 
vironmental conditions because of their proteaive shell. . . 

Prevention of coccidiosis losses may be accompltshed by rmm g 
chicks at an early age. This may be done byt (1) start.ng *0 ch.cks on 
used or compost litter where coccidia ate present; (2) vaccinating 
Of tVir^tp nf hv addin? an inoculum of coccidia to t 


chicks at three days of age by adding an inoculum of coccidia to * 
according to the manufacturers instructions; and (3) feeding a cocci 
continuously at a low level to chicks on clean or coccidiosis-contaminatM 
litter. Some of the coccidiostats and the preventative levels recommen 
for continuous use in the ration are; atsenobenzene, 0.002^ per ’ 
nicarbazin, 0.015 per cent; nitrofurazone, 0.0055 per cent; nitrophem s 
0.0125 to 0.025 per cent; and sulfaquinoxaline, 0.0125 to 0.025 cent. 

Treatment for coccidiosis involves the intermittent use of coccidiostats 
at higher levels than used for prevention. Directions of manufacturers 
should be followed closely. Using higher levels and for a longer time t ^ 
recommended or improper mixing may result In stunted growth or morta ity 
because of the toxic nature of the products (p. 348). 

Sulfaquinoxaline may be fed at 0.05 per cent concentration In the 
feed for two days; omitted for three days; fed again for two days; omittw 
for three days, etc., until the trouble clears up. Or, it may be fed continuous y 
in the starting and growing mash at a lower level 0.015 per cent as a pte- 
ventative. 

Treatment for coccidiosis involves the addition of certain chemicals to the 


mash feed or drinking water. 

Sulfaquinoxaline may be fed at 0.1 per cent concentration in the mash feed 
for two days; omitted for three days; fed again for two days; omitted for three 
days, etc, until the trouble clears up. Or, it may be fed continuously in the 
starting and growing mash at a lower level 0.0125 per cent as a preventative. 

Sulfamethazine may be fed at 0 4 per cent level in the mash feed for two 
days, omitted for four days, fed for one day, omitted for four days, etc., until 
the trouble clears up. 

Nitrophentde may be fed at .0125 per cent level continuously in the start- 
ing and growing mash as a preventative. 

Blackhead {Histomonas meleagridis). Blackhead or enterohepatitis U 
the most common disease that affects turkeys. It may also infect chii^ens and 
other species of poultry. Blackhead causes greatest losses among turkeys from 
one to three months old. It is described under turkey diseases in Chapter 
Sixteen. 


Spirochetosis. This disease or one similar to it has been observed among 
chickens in some of the southern states. It is transmitted by ticks. 

Symptoms of spirochetosis include drowsiness, paleness, loss of appedte, 
ruffled feathers, diarrhea, weakness, prostration, paralysis, and death within 
three to fifteen days. 

Autopsy m case of spirochetosis infection reveals an enlarged liver with 
small white spots, paleness of organs, and inflammation of the intestines. 

The causative organism is found in the blood as a long, wavy, screwlike, 
microscopic protozoa. ® 
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Control of spirochetosis consists in keeping poultry away from sources of 
tick infestation. 

Treatment with the use of arsenical drugs such as Salvatsan and atoxyl 
has been advocared. 

Trichomoniasis. This is a protozoal disease that has been observed among 
growing chickens and turkeys. 

Symptoms of trichomoniasis infeaion include paleness, droopiness, foul 
odor, and subnormal temperature. 

Autopsy examination reveals a chronic ulceration of the crop and occa- 
sionally the gullet and proventriculus. Rough, protruding, yellowish, tumor- 
like projections are firmly imbedded in the mucosa and may partly close the 
lumen. 

Control of trichomoniasis infection is accomplished by keeping growing 
stock on range away from dirty wet places and moldy or decomposed litter. 

In case of an outbreak, change the range and give milk to drink or add 
copper sulphate to the drinking water (one part in two thousand). 

Mold Diseases 

Mold diseases are also known as mycoses. They are produced by fungi or 
low forms of plant life. Fungi are widely distributed in nature, but only a 
few of them are pathogenic for poultry. The chief mold diseases of poultry 
are aspergillosis, thrush, and favus. 

Aspergillosis. This is a fungus disease of the lungs and air sacs. It is most 
common among growing chickens and turkeys, but may affea any species of 
poultry of any age. 

Symptoms of aspergillosis infection include poor appetite, darkened comb, 
droopiness, high temperature, diarrhea, sneezing, gasping for breath with a 
croupy sound, suffocation, and death. 

If the infection has reached the small air sacs and hollow spaces of the 
bones, there may be lameness and swollen, inflamed joints among the in- 
fected birds. 

Aspergillosis may affect a single bird or a large percentage of the flock. 
Young chicks die within a few days after the onset of symptoms. Older birds 
may live for three or four weeks. 

Autopsy of birds infected with aspergillosis shows whitish or yellowish 
nodules in the trachea, lungs, and air sacs in the early stages of the disease. 
They may be easily confused with lesions caused by pullorum infection or 
brooder pneumonia. Later the walls of the respiratory passages are covered by 
ele\’atcd, dirt)'-yelIow or greenish layers of mold growth, and the air sacs may 
become filled with yellow pus. 

Microscopic examination of material taken from the lesions reveals the 
presence of the filaments and spores of the fungus, Aspergillus fumigatus. 

Control of aspergillosis tnfecrion is accomplished by prc^’cnting birds 
from inhaling or eating the mold spores of the fungus. Birth showing sj’rap- 
toms of the disease should be removed as soon as noticed. 

Aspergillosis mold may be found in moldy litter, feed, droppings, and dust 



jgg Poultry: Science and Practice 

mateiial. Healthy fowls may inhale the spores without injury, but yben re- 
sistance is lowered through faulty nutrition or close confinement m damp 
quarters, inhaling the organisms may cause mortality. 

There is no satisfactory treatment for aspergillosis infeaien. 

Thrush. Thrush is a yeastlike fungus disease of the mouth and ° * 
gestive traa. It has been obser\’ed most frequently among young birds, u 
may affect poultry of any age. ^ . . 

Symptoms of thrush infeaion include poor appetite, weakness, emaciation, 
and a slimy mucous material in the mouth. . 

Autopsy examination of birds affected with thrush res’cals the presence o 
grayish-white or yellowish patdies on the mucous membrane of the mouth, 
whitish ulcers in the aop, brownish or mucoid deposits in the glandu 
stomach, and ulcers in the gizzard. The lesions may be so small in young 
chicks that they may he overlooked. 

Microscopic examination of the lesions re%’eals the presence of the yeast- 
like fungus, Monilia albicans or Oidium. 

Control of thrush infeaion consists of the pre\'enrion of healthy birds from 
eating conuminated feed or litter and drinking from contaminated ve^is- 
The fungus may be spread by way of the feeders, drinking vessels, litter* 
and possibly by eggshells. The period of incubation is about a month. 

In case of an outbreak, use one part copper sulphate in 2000 parts water as 
the drink for a few days, dispose of sick birds, and clean and disinfect the 
premises. 

Favus. Favus Is a rather uncommon fungus disease of the unfeathered part 
of the head, panicularly the comb. 

Symptoms of favus infeaion include yellowish-white scaly lesions on the 
surface of the skin of the head, and, in bad cases, loss of feathers or broken 
ones on the neck and body. 

Control of favus infeaion b most easily attained by dbposal of all infec^ 
birds. Since the disease may be craosmitted to man, one should use care in 
handling affeaed birds in order to avoid the introduaion of the organbm into 
cuts or saatches. 

Favus infeaion may be cured by one or more applications of an ointment 
of formaldehyde and vaseline (one part formalin in twenty parts of vase- 


Bacterial Diseases 

Baaeiia are widely dbtributed in nature. Most of them are benefidal to 
man and animals. A few are pathogenic The principal baaerial diseases of 
pouhiy are pullorum. fowl typhoid, cholera, and tuberculosb. 

Pullorum (baallary white diarrhea). Pullorum b a common and wide- 
spread disease whiA may affea poultry of all ages. It b the most frequent 
cause of mortality in the first three weeb after hatching. Pullorum may also 

by reduced egg produaion and hatchabiUty, and mor- 
tality of mature birds (Fig. 152). 

Symptoms. One of the chief symptoms of pullorum Infeaion among 
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fig. 152. Pullorum disease. Left— upper, chicks infected wSih pullorum disease in the incubator 
«nay show necrotic spots in the lungs. (Courtesy 1. P. Doyle, Purdue University.) Left-lower, 
appearonce of chicks infected with pullorum disease. (Courtesy L. P. Doyle, Purdue University.) 
Right— upper, graphic illustration of pullorum control. (U. S. D. A. Formers’ Bulletin 1652.) 
Right— lower, normal ovary above and an ovary from a bird with pullorum diseose below. 
(After Rettger.) 

chicks is high mortality in the first three weeks after hatching, with the peak 
about the tenth day. ^icks may die suddenly without apparent symptoms. 
In most cases, how’ever, they huddle under the hover W’ith dosed eyes and 
drooping wings. Their droppings may be whitish, foamy, and sticky, or some- 
times brownish in color. The material may stick to the down in the region of 
the vent, resulting in the condition known as "pasting up behind." Chilling or 
overheating of chicks causes a diarrhea ver)' similar to that produced by pul- 
lorum. 

Mature birds generally show no outward symptoms, since the disease is 
usually localized in the ovaries. Some of the disea^ hens lay at a low rate or 
quit laying entirely, while others become thin and weak and show signs of 
diarrhea. 
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AMopsy examination. Pullomm-intected chicks that die during the ta 
tout or five days often fail to show any lesions. Those dying after this i 
may show firm, whitish spots in the lungs. This is often the case when chicB 
become infected in the incubator by inhaling down or dust 
ge rms The lung lesions may be confused with those aused by 
pneumonia or mold infeaion. Abscesses may be found in the wall o 
gizzard, in the liver, and in the heart muscles. A white stringy material may 
covet the heart. While all of these changes are typical of pullorum m the 
chick, the only sure diagnosis is to find the organism {Salmonella 
It is found most often by making bacterial cultures from the heart 


liver, lung lesions, and unabsorbed yolk. 

Hens usually show lesions in the ovaries. Some of the yolks are angu 
shrunken, hard, and brownish or greenish in color. Pullorum infection in e 
ovary may be confused with ovarian tumors. Definite diagnosis depends on 
isolation of the pullorum organism from the ovary by bacterial cultme. 1 c 
baaetia may localize in other parts of the body. Pullorum infection may 
cause discolored testes in males and inflammation of the heart muscles o 


males and females. 

Control. Pullorum disease may be controlled by removing birds which have 
the disease from the breeding flock and selling them for meat. Carriers^ o 
pullorum disease may be detected by a blood test. There are two practical 
tests in use. 

The ivhole blood test involves a drop of blood from the bird and a drop of 
stained pullorum antigen. A drop of antigen is placed on a test plate; a drop 
of blood obtained with a wire loop from a pricked wing vein is added and 
the mbcture stirred with the loop. If the bird has the disease, flakes appear ut 
the mixture within a minute (Fig. 153). If the bird does not have the disease, 
no flakes appear in the mixture. 

The standard tube test involves the use of definite amounts of blood serum 
and a pullorum antigen. A few cubic centimeters of blood are colleaed in a 
vial by puncturing the brachial vein. After the blood has clotted, a defi- 
nite amount of serum (usually .04 or .08 cc) is removed and added to an 
a^lutination tube. Two cubic centimeters of pullorum antigen (a suspeo* 
sion of dead pullorum bacteria) are added to the agglutination tube, the mbt* 
ture shaken, and incubated over night. If the bird has the disease, the baCTeria 
are agglutinated and settle to the bottom, leaving a clear liquid in the cube. 
If the bird does not have the disease, the suspension in the tube remains tur- 
bid. 


The whole blood test is gaining in popularity because it involves less labor 
and necessitates only one handling of the birds 

Sanitation tn the tncubator is a further means of controUing the spread of 
pullorum disease. Increasing the humidity in the incubator to 90 to 95^ F- 
wet bulb reading during the hatch will help to keep dust and down from 
flying in the machine. 

Thorough cleanmg of the incubator between hatches will also lessen the 
chances of spreading pullorum by means of dust and down. 



Fig. 153. The whole blood pullorum test. Upper left, a general view of o «e|.up for telling. 
(U. S. D. A.) Upper right, o table for holding birds, lower left, a teiting cobinet containing a 
can of hot water ond holder for the ontigen bottle; leit plote or paper; stock bottle of onli- 
gen; loop and needle holder; and antigen dropper, lower right, a section of a test poper 
showing poiitive (+) and negative reactions. (Courtesy Columbus Voetine Company.) 
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A«topiy examinalion. Pullorum-infectcd chicks that die during the &st 
four or five days often fail to show any lesions. Those dying after this 
may show firm, whitish spots in the lungs. This is often the ewe when chim 
become infected in the incubator by inhaling down or dust 
cerms. The lung lesions may be confused with those oused by W 
pneumonia or mold infection. Abscesses may be found in the wall o 
gizzard, in the liver, and in the heart muscles. A white stringy materia may 
cover the heart. While all of these changes are typical of pulloruin m IM 
chick, the only sure diagnosis is to 6nd the organism {Salmonella pu 
It is found most often by making baaerial culmres from the heart 


liver, lung lesions, and unabsorbed yolk. . 

Hens usually show lesions in the ovaries. Some of the yolks are angul^» 
shrunken, hard, and brownish or greenish in color. Pullorum infection ^ 
ovary may be confused with ovarian tumors. Definite diagnosis depends on 
isolation of the pullorum organism from the ovary by baaerial culture, 
baaeria may localize in other parts of the body. Pullonim infeaion may 
cause discolored testes In males and inflammation of the heart muscles o 


males and females. 

Control. Pullorum disease may be controlled by removing birds which have 
the disease from the breeding flock and selling them for meat. Cirriers^ o 
pullorum disease may be deteaed by a blood test. There are two praaical 


tests in use. . 

The whole blood test involves a drop of blood from the bird and a drop or 
stained pullorum antigen. A drop of antigen is placed on a test plate; a drop 
of blood obtained with a wire loop from a pricked wing vein is added and 
the mixture stirred with the loop. If the bird has the disease, flakes app^ 
the mixture within a minute (Fig. 153). If the bird does not have the disease, 
no flakes appear in the mixture. 

The standard tube test involves the use of definite amounts of blood serum 
and a pullorum antigen. A few cubic centimeters of blood are colleaed in a 
vial by puncturing the brachial vein. After the blood has clotted, a defi- 
nite amount of serum (usually .04 or .08 cc.) is removed and added to an 
a^lutioation tube. Two cubic centimeters of pullorum antigen (a suspen- 
sion of dead pullorum baaeria) are added to the agglutination tube, the mix- 
ture shaken, and incubated over night. If the bird has the disease, the baaeria 
are agglutinated and senle to the bottom, leaving a clear liquid in the tube. 
If the bird does not have the disease, the suspension in the tube remains tiir- 


The whole blood test is gaining in popularity because it involves less labor 
and necessitates only one handling of the birds. 

Sanitation in the incubator is a further means of controlling the spread of 
pullorum disease. Increasing the humidity in the incubator to 90 to 95° F- 
wet bulb reading durmg the hatch wiU help to keep dust and down from 
flying in the machine. 

Thorough cleaning of the incubator between hatches will also lessen the 
chances of spreading pullonim by means of dust and down. 



F!q. 153. The whole blood pullorum te«t. Upper left, a general view of o set-up for testing. 
(U. S. D. A.) Upper right, a toble for holding birds. Lower left, o testing cobinet containing o 
can of hot water and holder for the antigen bottle; test plate or paper; itoch bottle of anti- 
gen; loop ond needle holder; and ontigen dropper, lower right, a section of o test poper 
showing positive (+) and negative reoctions. (Courtesy Columbus Voctlne Compon).) 
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^'^:ament of an infeced group of chicB «i.h a sulfa drug or nero- 

funrzcUdoue (p. 375) will reduce the „f ,hi,kens and 

Fowl typhoid. This is an infectious septicemic ^Uo 

or^^L^lnc birds. It Is most common among mamre birds but m y 

“t4rrof birds infected with fowl .yP"--* .- f — 'e SS 
feather^ (Fig. 154), paleness, and yellowish or greenish d-rh- 
of the infection in acute cases ts from two to of the dis- 

birds may live for several weeks and show few visible sy p 

""Autopt, examination of birds Infected with fowl 

livers, darit in color, and ofren with a greenish sheen. “ ,e,i 

dotted with tiny grayish spots and has a tendency to break OT y^ P 
and kidneys ate usuaUy enlarged. The heart ^y be pale and have 
firm nodules of vaiying size in the heart wall. The bW ' P jjjght 
does not clot easily. The lining of the intestine is pale ot ““J 
inflammation. The intestinal contents ate usua% slimy and V'' („„! 

Definite diagnosis depends on isolation of the causative “8“ , f 

typhoid (Salmonella gallinarum) by bacteriological culture method , 

the tissues of the body. , L,MlthY 

Spread of fowl typhoid is by way of the droppings from infeaed to w J 
chicks. It may be spread from one bird to another by ^ild 

feed, or water. It may be introduced into the flock by infected fo . 
birds, or on the feet of animals ot people. , , , .o.nJrious 

Control of fowl typhoid consbts in the removal of all infected or susp 
birds as soon as symptoms of ill health ate noticed; use of 
feeders and wateters; frequent change of litter and the use of a libera a 
of it; and keeping birds away from contaminated yards and range, in 
words, use every means possible to keep healthy chickens from coming 
contact with the droppings from infeaed birds. 

In case of a fowl typhoid epidemic in a community, it is advisable to 
cinate the flock as a preventive measure (Fig. 154). One to two cubic 
meters (depending on size of bird) of a fowl-typhoid baaerin, made r 
Salmonella gallinarum, are injeaed beneath the skin. In case of an out r 
of typhoid disease, use the same treatment as for cholera (p. 575)- 

The puUorum test used for deteaing carriers of pullorum also dete 
carriers of fowl typhoid. This is true because the organisms causing the tw 
diseases are much alike and produrx aoss agglutination. , . 

Cartiers of other Salmonella infeaions, such as aertrycke and paratyphi, 
may also be detected by the puUorum test, as these infections are somewn 
similar to pullorum. 
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Fig. 154. Fowl typhoid. Above, symptomi Include drowtSneu, pole or dorkened comb, and 
drooping wingc. Below, technique for preventive voccinotion. 


Birds vaccinated against fowl typhoid infeaion should not be tested for 
puUorum infection for at least three weeks after the vaccirution. 

Fowl cholera. Fowl cholera is a highly infectious septicemic disease of all 
domestic birds. It may affea birds of all ages and appear in acute or chronic 
form. 

Symptoms of fowl cholera vat)' with the se^'eritj of infection. In acurc our- 
breaks, the finding of dead birds on the roosts or in the nests may be the first 
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indication of infection. These birds 
have appeared perfectly healthy only a 


snort time uciuiw. — . 

fonrn, the first symptom is yellowsh 
coloration ot the droppings. This is roi- 


lowed by yellowish, brownish, or gr«n- 
i.c Th, rnmh rums a bluish- 



ish diarrhea. The comb rums a bluisn- 
red, the body temperature increases, aM 
there b loss of apperite and increased 
thirst. The bird becomes drowsy and 


sleep; a great deal of the rime with to 


Sleeps a grcai uwi , 

head drawn down to the body or tufteu 
backward and resting on the feathers 
about the wing. Respiration is dilhcui 
and at times an accumulation of mucus 
in the mouth and air passages may caus 
a rattling noise as the bird breathes. 

The chronic form of fowl cholera in- 
fection is indicated by paleness, eoieo 
ation, and a lack of activity. Umeness 
may be present in prolonged cases as 
result of joint infection by the ger 
In some cases the birds have ' co1<m ec 
companied by gasping and swelling o 
the head and wattles. When first swo 
len, the wattles are soft and warm; latM 
they become hard and cold. 

■ Cholera may destroy a large num r 

fig. 155. H.morihog., .nd ,.d .pot. uf bilds iu thc flock in U fcW “ 
moy b« found on the heart* of chklen* then disappear, or may remain in cm 
that die of cholera. (ItllnaS* Station Cir- form for mOnths, only OCCaslonaUy 

eular 441.) killing a bird. 

Autopsy examination of birds infected with cholera may show sticky mucus 
in the mouth and air passages, reddish discoloration of the skin and bre^ 
muscles, a congested and darker than normal color of internal organs, ligui- 
or dark-colored liver covered with small white foci, swollen spleen, red spots 
or hemorrhages on the surface of the heart, inflamed duodenum with hemot- 
rhages of the inner lining, congested blood vessels supplying the viscer 
organs, congestion and small hemorrhages in thc lungs, and yellow cheesy de- 
posits in various pans of the body (Fig. 155 ) . 

In chronic cholera cases there may be pus in the lungs and air sacs; sort, 
flabby, and irregular ova; and rupture of ova in the body cavity. ^ . 

Positive diagnosis depends on finding the Pasteurella avietda bacteria m 
the heart blood or organs of the body. 

Spread of fowl cholera is by way of the droppings from infected to healthy 
birds. It may be carried by wild birds and insects and on the feet of animals 
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Fig- ^56. Ext«nt of avian tuberculosis in the United Stoles. 


and on equipment. Birds that have recovered from the disease may be carriers. 

Control of fowl cholera is accomplished by killing and burning any birds 
that have the acute feverish symptoms. Remove the litter frequently. Use 
clean, sanitary feeders and waterers. Avoid the use of contaminated yards or 
range. Keep flies and wild birds away from the premises in so far as possible. 
Infected flocks recover with less mortality if kept in warm, sanitary, and un- 
crow’ded houses. 

Infected wattles may be removed by surgical amputation 

Treatment consists of the use of a sulfa drug or furazolidone (NF*180) 
in the feed or drinking water according to directions of the manufacturer. 
Water treatment is preferable because sick birds are more likely to drink 
than eat. 

Sodimn sulfamethazine may be used in the drinking water at O.I j>er cent 
level or sulfamethazine powder in the feed at 0.5 per cent level for two 
days and repeated twice at four-day intervals. 

Sodium sulfaquinoxaline may be used in the drinking water at 0.025 per 
cent level or in the feed at 0.05 per cent level, intermittently, as directed for 
sulfamethazine. 

NitrofarazoJidone may be fed in the feed at 0.011 per cent Ie\'e] for 
three weeks. 

Bowl tuberculosis. Avian tuberculosis is a chronic infeaious disease of 
poultry’ and wild birds. It is most commonly obsera'ed in birds more rhan a 
year old. The chief areas of avian tuberculosis infcaion are shown in Fitrure 
156. ^ 

S}'mp/omj of fowl tuberculosis include paleness, weakness, emaciation, loss 
of muscle meat from the breastbone, lameness, diarrhea, complete exhaustion. 
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and death. In a few instances the disease may be well established in birds that 
appear to be in good condition. n h tu- 

Autopsy examination reveals charaaeristic graybh-white or 
mors of varying sues in the liver, spleen, and intestines (Fig. 157)- 
tubercles when cut open show a solid, grayish, or glistening interior, 
in advanced stages of development show yellowish, cheesy, or crumbly m 
in their interior. . 

Positive diagnosis depends on finding Mycobacterium Utberculosus avt 
in the lesions. 

Spread of avian tuberculosis infection is by way of contaminated ^ • 

feed. Utter, or soil. It may be carried from flock to flock by infected fow . 
wild birds, rabbits, rats, mice, and equipment. Swine ate susceptible to avian 
tuberculosis and cattle may become infected from swine. ^ . 

Control of avian mberculosis is accomplished most satisfactorily by dispose 
of the entire flock. The birds in good condition may be sold for meat purpose 
and the thin ones should be killed and burned. 

The old birds may be disposed of in the spring and the building, eqtu^ 
ment, and yard thoroughly cleaned and allowed to remain empty during tn 
summer. Young chicks may be raised on clean range and later housed io 
buildings that have been idle. It is a good plan to dispose of all old birds at 
least a month before chicks arc brought on the farm. 
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Colds (cory 2 a) and roup. Colds are common respiratory infections that 
affect poultry and wild birds of all ages. A chronic cold is also known as 
ocular roup. Colds cause lowered egg produaion. 

SymptOTfts of coryza ate watery eyes; thin serous discharge and then a 
thick, sticky, foul-smelling discharge from the nostrils; sinuses filled with 
mucus which dries to a cheesy form, causing a swelling of the face about the 
eye (Fig. 158); and yellowish patches in the mouth. 

Autopsy examination reveals no additional characteristics. 

Hemophilus gallinarum baaeria may be isolated from cultures taken from 
the respirator)’ tract. 

Control of colds and roup may be accomplished by removing all sick birds 
as soon as symptoms are obseiw^, feeding a good ration containing an abun- 
dance of vitamin A, eradication of external and internal parasites, prevention 
of drafts and sudden changes in temperature in the house, keeping the house 
clean and dr)’, and preventing overcrowding. The use of cold and roup bac- 
tcrins arc of doubtful value. 

In case of an outbreak of colds or roup, use 0.1 per cent sodium sulfa- 
methazine in the drinking water for three or four da)'s. Set up a brooder 
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store in the house to keep the birds 
warm, the house dry, and to se^e 
without drafts. The birds 


Fig. 159. limberneck t 
tension Bulletin 115.) 


r botulism. (OWo Ex* 


vendlation . 

mar be sprayed at night with one ol 
the sprays recommended for colds ot 
bronchitis. These sprays will not OTe 
the trouble, but may relieve discomtort 
by drying up the discharge of mi^- 
Individual treatment may be used it 
the bird is valuable enough to warrant 
it. Wash the nostrils and eyes wnn 
a warm solution of baking soda (one 


teaspoon in a cup of water) or salt water (one teaspoon in a 
the nasal passages with one of the above solutions by means o^a ^ 


irrigator. In case of severe swelling beneath the eye, open the spot ' 
sharp knife; press out the cheesy material; and wash the wound with one 


the above solutions. , -i j 

Botulism (limberneck). Botulism is an acute disease of poultry ana 
birds charaaerized by weakness and prostration. The first symptoi^ u 
ness and leg weakness. These are soon followed by paralysis of the n * 
wing, and leg muscles (Fig. 159). The bird appears lifeless. ® 

are loose and may be plucked easily. Death may be sudden or the bird m y 
linger for several hours. . r « 

Botulism is caused by a toxin produced by the Clostridium botuUnu 
baaeria- It is a soil organism that grows out of contact with air. It may gm 
and produce toxin in dead animals, closely packed hay, and in canned foods 
not thoroughly cooked. 

In case of an outbreak, shut the birds off the range until the source of ® 
trouble has been located and removed. Give the birds a laxative as in ca^ 
poisoning. Do not feed spoiled canoed food to chickens unless it has bee 
thoroughly cooked to destroy the toxin. 

Navel infection (omphalitis). Navel infection is also known as mus / 
chick disease” among hatcherymen. It is a rather uncommon disease that 
occurs among chicks the first day or so after hatching. , 

Symptoms of navel infeaioo among chicks ate drowsiness, mushy 
puffed appearance of the abdomen, death within a few hours after the fir*^ 
symptoms, and high monality the ^t seventy-mo hours after hatching. 

Autopsy examination of birds having navel infeaion shows a parboil^ red 
color of the abdominal skin and muscles, accumulation of water and gas in the 
abdominal cavity, pale and swollen liver and kidneys, and fluid, putrid con- 
tents of the yolk sac 

Several kinds of baaeria have been isolated from cases of navel infeaion- 
Thc causative organism has not been definitely establbhcd. 

Control of navel infeaion may be accomplished by the use of strict sani^ 
tion in incubators. Incubators should be thoroughly cleaned and fumigated 
bem-een hatches (p. I67). 
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In case of an outbreak, fumigate the incubators between hatches with three 
times the strength of formalin used at hatdiing time. It may also be necessarj' 
to clean, disinfect, and fumigate the egg, incubator, and battery rooms to de- 
stroy the disease germs in the chick hatchery. 

Apoplectiform septicemia. This is a rapidly fatal bacterial disease which 
may affect chickens, turkeys, pigeons, and other fowls. 

Symptoms include sudden death or depression, listlessness, staggering gait, 
prostration, and finally death. 

Autopsy examination of infected birds shows discoloration of the skin of 
the breast and neck caused by subcutaneous hemorrhages; serous or bloody 
exudates in the heart sac and body cavity; swollen liver, spleen, and kidneys; 
and congested intestines and lungs. 

Bacterial cultures from the blood reveal the presence of Streptococcus 
capsulatus gallinarum. 

Control of apoplectiform septicemia infeaion involves the use of the same 
sanitary measures as used for the control of cholera and fowl typhoid. 

Healthy fowls may be vaccinated against apoplectiform septicemia by the 
intravenous injeaion of a killed culture of the causative organism. 

Virt/s Diseases 

Vinises are believed to be living organisms, so small that they cannot be 
seen with the microscope. The proof of their existence is the ability to pro- 
duce disease by Introducing body tissue, or ffuid which contains them. All 
infectious diseases, where a causative organism has not been isolated, are 
generally classed as virus diseases. The principal poultry virus diseases are 
fowl pox, infectious bronchitis, range paralysis, and fowl plague. 

Fowl pox. Fowl pox has also been called chicken pox, contagious epithe- 
lioma, canker, avian diphtheria, and sore head. It is a highly infectious disease 
affeaing the head and mouth of chickens, turkeys, other poultry, and wild 
birds. 

Fowl pox usually occurs in the fall and winter, but may occur at any time. 
It generally affects birds during the first year of production, but may affea 
younger or older birds. Fowl pox slows up and may stop produaion. The 
losses may vary all the way from few or no deaths to rather high mortalitj’. 

Symptoms of fowd pox are watery’ eyes and a discharge from the nostrik, 
as in the case of colds; and small, grayish, raised blister-like spots that appear 
on the comb, face, and wattles and are followed by a drying and darkening 
of the lesions to form warty-like scabs ( Fig. 160 ) , 

Tlie severity of the disease depends on the extent of diptheric deposits in 
the mouth. These are first thin, whitish, or yellowish in color, and then be- 
come thicker, firmer, and harder to remm'c. 

The period between exposure to fowl pox and the appearance of the 
first symptoms of the disease varies from three to fifteen days. The duration 
of the disease %’aries from two or three day's to as many weeks in acute cases 
and may last in a flock in chronic form for several months. 
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The fowl pox virus gains entrance to the body through a break in the skin. 

Spread of fowl pox is by contaminated material and by close contact. The 
disease may be carried from farm to farm by fowls that have had the disease 
or have been vaccinated recently, by mosquitoes and other biting insects, by 
wild birds, and by equipment. 

Control of fowl pox is accomplished by using preventive measures. There 
is no satisfactory treatment. If the disease is present in the flock in chronic 
form or if it has caused trouble during the past rvs'O or three years, it is ad- 
visable to vaccinate all birds that have not had the disease. 

In case of an outbreak of pox among birds that are already in production, 
the flock should be vaccinated with the pigeon strain of fowl pox vaccine. 
Its aaion is milder than that of the fowl strain and does not cause so great 
a loss in egg production. 

In preventive vaccination in pullet flocks, the birds should be vaccinated 
with a fowl strain of pox vaccine when the birds are six to fifteen weeks old. 
Later, vaccination gives the birds a "set back" in development. While the 
fowl strain of pox vaccine is mote severe in its action than the pigeon strain, 
it is believed to provide mote lasting immunit)'. 

Vaccination for prevention of fowl pox is carried out by making a break 
in the skin and introducing a little of the vaccine mixture. In the feather 
follicle method, three or four leg feathers are plucked and the vaccine added 
to the spot with a brush. In the more recent stab method, rwo sewing ma- 
chine needles are pushed through a cork with the points about one-fourth 
inch apart, The wing is stretched out and the web is pierced from the under- 
side, thus making four vaccination points through the double layer of skin 
simultaneously. The eyes of the ne^Ies take up sufiicient vaccine to make 
Jie single stab efifenive. 

The reaction denoting a "take" may be observed in five to seven days. The 
site of vaccination wdll show inflammation and later the formation of a sob 
which will drop off in three or four weeks. 

Larj’ngotracheitis. This disease is also known as infeaious tracheitis, in- 
fluenza, or flu. It is a highly infectious respiratory disease of chickens, bur 
may also affect turkep, ducks, pheasants, and wild birds. Lar}'ngotracheitis 
is more pres’alent, lasts longer, and causes greater mortality among birds six 
months to one year old than among older or younger birds. It occurs most 
frequently during the fall and winter months. 

Symptofns of laryngotracheitis are water)- eyes, bck of activity, coughing, 
sneezing, shaking the head, gasping for breath (Fig. l6l), coughing up of 
bloody mucus, strangulation, and possibly sudden death. 

Tlie disease may go through the flock in one to two weeks or it may con- 
tinue for a month or more. 

Autopsy examination of birds infeaed with lar)-ngotrachcitis rc\-eals an 
inf^med glottis and trachea, presence of yellow cheesy material, and the 
nostrils and mouth filled with a stick)- mucoid exudate. 

In case of an outbreak, use the same measures as for colds (p. 577). In- 
halants will check the discharge of mucus in the respirator)- passages. If the 
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mucous discharge can be checked, fewer birds will die as a result of strangu- 
lation. 

Cloacal vaccination is used for the prevention of latyngotracheitis in 
a flock and for preventing the spread from infected birds to healthy ones 
in case of an outbreak. The bird is held by an assistant and the upper part 
of the vent is rolled open with the thumb and forefinger. A stiff brush 
moistened with vaccine is rubbed back and forth across the mucous mem- 
brane until a slight redness is produced. 

Five days after vaccination a "take** is indicated by a reddened and swollen 
membrane at the point of vaccination, which is also covered wdth mucus. 

Infectious bronchitis. This is a highly infectious disease which may 
ocoir in birds of all ages. It lasts about two weeks. In young chickens, three 
or four days to three or four weeks, mortality may range from near 0 to 90 
per cent. It results in decreased growth rate and lower carcass quality. In the 
laying flock, infectious bronchitis results in a sudden drop in egg produc- 
tion but does not cause high mortality. When egg produaion starts to 
increase again, the eggs are often irregular in shape, have a very poor shell 
texture and damaged interior quality. 

Symptoms of infectious bronchitis include gasping, a crackling sound 
when held close to the ear, a nasal discharge and deaeased appetite. 

Autopsy reveals a thick mucus or plugs of exudate in the bronchi of 
infected chicks. A fibrinous material may be found in the heart sac and the 
air sacs are cloudy or contain a little or much cheesy material. 

Control of infectious bronchitis is by prevention with strict isolation or 
preventative vaccination. The vaccine may be used as a dust, spray or in 
the drinking water. The immunit)' lasts for only a few months. Directions 
of the vaccine manufacturer should be follow’ed closely. 

Chronic respiratory disease (CRD). This disease is most common in 
broiler flocks resulting in low mortality but decreased growth rate, poor 
feed utilization and poor carcass quality. It appears to be caused by a 
pleuropneumonia-t)’pe organism. The same type of organism caused in- 
fectious sinusitis in turkeys. It may be transmitted through the egg and lie 
dormant until a stress factor such as unfavorable environment, disease, or 
vaccination reaction, triggers an outbreak of the disease. 

Symptoms of CRD resemble those of Infectious bronchitis and New- 
castle disease (p. 386) except the mortality is generally much less. The 
broilers have a poor appetite and become thin. The disease spreads slowly 
and may last for w-ecks or months. In laying flocks, the disease results in 
low egg -production. 

Autopsy findings in CRD infeaed birds include: a slimy yellowish-gray 
false membrane covering the liver; cheesy accumulations in the body cavity; 
thickened whitish heart sac; excess mucus in the trachea; and cheesy mate- 
rial in the bronchi. 

Control includes preventative vaccination against infeaious bronchitis 
and Newcastle disease. By avoiding stress faaors caused by these diseases 
CRD is less likely to occur. The use of a high level of an antibiotic (aurco- 
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mycin or strepromycm) in .h= v.-3,er or will rtiioulate feed consumption 
' j outbreak of CRD. 


and growth, in case of an outbreak of CRD. 

Fowl paralysis <leucosis). Fowl paralysis is also known as rang P 


paralysis » snava — — o » 

lymphomatosis, neurolymphomatosis, and leucosis. Hie disrase here esm 
is a dUtinct virus disease and should not be confused ™^ .^P“ra- 
paralyse, lameness, or leg weakness resulting from vitamin _ 

5te infestations, or bacterial infections. It affects chickens 


of six weeks and eighteen months._but the highrat 


s between the ages of four and twelve months. The mortality may r 


as high as 75 per cent. 


per tciiL. , '-fArfive 

Symptoms. The symptoms of leucosis var)* with the strain of the in 
agent and the course of the disease. ^ • or a 

The paralysis form is first indicated by a drooping of the . , . 
partial paralysis of one or both le^ (Fig. 162). In a short time the ir 
unable to stand and is not able to reach feed or water. The muse es ° 


uoaoie lu sianu aiiu 1:1 uuk w -- V„»nlthv 

affeaed leg often shrink or wither. Affected birds generally have a ; 

® . . . < * show 


appearance, except for the paralysis, and a good appetite. They may i 
digestive disturbances as indicated by diarrhea. _ 

The blindness form is indicated by a fading of the color of the 
changes from the usual reddish-bay to a gray. In se>’ere cases the 
to respond to light. The eye sometimes bulges out and the bird 
totally blind. The birds may continue to find the feed and w’ater and lay 
for a time after they lose their eyesight. . 

The leucosis or leukemic form is indicated by paleness, loss of weight, 
and weakness. The affeaed birds resemble those affeaed with chronic coc 
cidiosis. The birds may live for several weeks. . 

The tumor form seldom shows any external symptoms. Lumps may 
found in a few instances on almost any part of the body. 

The above forms of the disease may be due to the same or different viruses. 
Investigators ate not m agreement on thb point at the present time. 

Birds infected with leucosis seldom, if es’er, recover. 

Autopsy examination. In case of leucosis accompanied by paralysis, tn 
plexuses and large nerves leading to the affeaed legs or wings may be en- 
larged and yellowish-gray instead of the normal whitish-gray color. The 
cross striations characteristic of nonnal nerves are lost, and nodules may be 
present anywhere along the affected nerve. 

In case of the leukemic form of the disease, the liver, spleen, and kidneys 
are usually enlarged, grayish-red in color, and soft and flabby. The liver may 
be spotted with brownish or gray areas and easily ruptured. 

In case of the tumor form of leucosis, the masses of abnormal tissue may 
be found about the ovary, liver, spleen, kidneys, and other tissues of the body. 
The tumors vary greatly in size. They are generally grayish or yellowbh 
color. The centers of the tumors are generally necrotic and yellowbh 
color. 


Microscopic examination of the blood generally reveaU the presence 


of 


an unusually large number of white blood celb. Examination of the nerves 


.9 .9 
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Fig. 162. Fowl parolyiis or (eueeslt. (See also Figure 33.) left— upper, typieol symptems of 
the porelyth form, left— lower, "white eye" letion, a jymptom of leukemia. Normol eye ot 
left and diseased eye at right. Right, leg nerves of normal fowl at left end of ieueemie fowl 
at right. (Courtesy W. R. Graham, University of Illinois.) 

and other tissues of the body shows infiltration of massive numbers of white 
blood cells. 

Control. There is no known treatment for leucosis. It is generally be- 
lieved that chickens become infected when quire young. The development 
of symptoms of the disease requires a month or more after infection. Old 
birds are believed to be carriers of the disease. Young chicks probably be- 
come infected by contaminated feed, litter, water, or range. The disease may 
be carried by flies and other insects, wild birds, animals, and equipment. 
Young stock should be raised separate from old stock and as far away from 
them as possible. 

Birds showing any of the symptoms of leucosis should be removed from 
the flock as soon as noticed. Those showing only the eye symptoms of the 
disease may be sold for meat. 

In case of an outbreak which may cause heav)’ losses, dispose of the en- 
tire flock. Clean and disinfect the buildings and allow them to remain idle 
for a month or more. Restock the farm with birds from a flock where the 
disease has not occurred or from one that is no longer bothered with losses 
from leucosis. 

Another procedure is to hatch from hens and cocks rather than from 
pullets and cockerels. Birds that live through an outbreak of paralysis have 
some immunity against the disease. Data being obtained in various parts of 
the country indicate that it may be possible to breed strains of chickens that 
will have rcsbtance against leucosis infeaion. 
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Powl plague. Fowl plague, aUo known as fowl pest, is a common virus 
disease in Europe. A few outbreaks have occurred in the United 

Symptoms of fowl plague include ruffled plumage, loss of appetite, P 
ness, darkening and swelling of .he comb and wattles, and, in advance 
cases a clogging of the eyes and nosttiU with a sticky exudate. Death usually 
occurs in from two to five days. A high percentage of the flock may die 
within a few days. , , 

Control of fowl plague requites rigid sanitation. Remove, kill, an 
diseased birds. Remove the remainder of the flock to clean quarters. or 
oughly clean and disinfect buildings and equipment. 

Newcastle disease. Newcastle disease, also known as avian pneumoen 
cephalitis, is a respiratory and nerve vims infection of poultry. _ 

Symptoms in chicks is first a respiratory infection resembling infeaious 
bronchitis (p. 383). As the disease progresses, some chicks develop nervous 
symptoms such as distortions of the neck, shivering, inco-ordination, con- 
vulsive seizures, circling, and sometimes paralysis. Mortality may be ^“8 ^ 
or it may reach 30 or 40 per cent. The nerve symptoms are somewhat 1 c 
those in case of nutritional encephalomalacia (p. 348). However, autops) 
reveals mucus in the trachea and clouded air sacs in Newcastle disease. _ _ 
Symptoms in adult birds resemble those of a cold or infectious bronchitis. 
The infection spreads rapidly. There is a drop in feed consumption and a 
judden drop in egg production to neatly zero in one or two days. The eggs 
laid during the period are generally rou^-shelled or soft-shelled and the 
white is often of poor quality. The respiratory symptoms last from four to 
eight days and egg production is affeaed for three to eight weeks. Mortality 
is usually low, two per cent or less. 

Control should be based on preventative vaccination rather than on treat- 
ment. Growing chickens may be vaccinated at any age, at the same time and 
by the same method used for infeaious bronchitis. If a live attenuated 
vaccine is used, immunity will carry through the following laying season- 
Chicks hatched from immunized birds will have some immunity. However, 
it disappears and the chicks are susceptible to Newcastle infettion by the 
time they are two to four weeks old. In some broiler areas where Newcastle 
losses have been heavy, the chicks are vaccinated when received or during 
the first two weeks. 


If an outbreak occurs, try to stimulate feed consumption by feeding pellets 
in a wet mash moistened with milk. A mild spray may also be used to gi^^ 
relief from the mucus in the respiratory passages. 

Psittacosis. This is a virus disease of parrots and some other species of 
birds. It may be spread to laboratory animals and man. 

In parrots the disease is chaiaaerized by weakness, prostration, diarrhea, 
and death. Persons conttaaiog the disease from birds or laboratory animab 
develop pneumonia. 

Stria sanitary measures are necessary for the prevention and control of 
psittacosis. * 

Epidemic tremors. This is a disease of chicks up to six weeks of age. R 
IS probably caused by a virus. 



Disease and Parasite Prevention and Control 387 

Affected chicks show a constant trembling. Handling increases it. The 
trouble stops during sleep. Mortality may reach 50 per cent. No method of 
control is known. 

Diseases Associated with Egg Production 

Diseases of the reproduaive organs, associated with egg production, ac- 
count for most of the losses of noninfectious nature among laying hens. The 
principal diseases associated with egg production are “pick outs," rupture of 
the oviduct, egg bound, and ruptured yolks. 

Pick outs. This trouble is usually encountered among pullets during the 
first weeks of egg production. If the bird, after laying an egg, does not re- 
main on the nest or away from the other birds until the everted cloacal mem- 
brane is withdrawn, the other birds are attracted by the red membrane and 
begin picking it. The cloacal membrane becomes bruised and swollen and 
hemorrhage may result. In bad cases, the entire cloacal area is picked away 
and the bird dies from hemorrhage. 

Injured birds should be removed as soon as noticed. Pullets should be 
trained to lay in nests by placing birds in them that have a habit of laying 
on the floor. Bright light should be excluded from the house in case "pick 
out" trouble is encountered. 

Feeding oats, using built-up litter, and keeping legume hay or green feed 
available may help to prevent “pick outs." If the trouble starts and persists in 
spite of all of the precautionary measures, it may be necessary to trim the 
upper part of the beak, especially of the offenders, back to the tender under- 
coating. 

Prolapse of oviduct. The oviduct may come loose and protrude from the 
venc when a bird lays an egg. The blood which accompanies the prolapse and 
the oviduct itself attract other birds and the injured one is picked to death 
unless it is promptly isolated. The trouble is most common during the late 
winter or early spring and affects high-producing birds. 

Tliere is no satisfactory treatment. Affcaed birds, observed and removed 
soon after the prolapse, may be used for meat. 

Feeding vitamin D and oyster shell and encouraging exercise by the use 
of range reduce the troubles from prolapse. 

Rupture of oviduct. Internal rupture of the oviduct may result from se- 
vere inflammation, an attempt to pass large eggs, or from injur)’. The break- 
ing of the ovidua permits yolks or fully formed eggs to pass into the body 
cavit)’. The yolks may rupture and the contents dry out, forming a yellow 
coating over the viscera. The material interferes with the normal functioning 
of the abdominal organs. 

Yolks or even whole eggs may get !oo^ in the body cavity and cause a 
protruding abdomen (Fig. 1(53). 

There is no treatment for rupture of the oviduct. The use of low perches 
and nests, careful handling of birds, and feeding well-balanced rations will 
reduce the number of cases. 

Data being colleaed ar Ohio State Universit)* indicate that rupmre of the 
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oviduct and other reproductive troubles is largely a family charaaeristic and 
may be controlled through breeding. 

Egg bound. Egg-bound trouble occurs most frequently among pullets. It 
results from attempts to pass large or double-yolked eggs through an oviduct 
that is too small for their passage. Birds appear listless and make frequent 
attempts to lay. 

As a means of treatment, the bird may be placed on its back, a finger 
greased and inserted into the oviduct, and the egg worked toward the cloaca 
by the finger and pressure on the abdomen. 

Several eggs may collect in the oviduct, resulting in its rupture, and may 
cause a bird to assume the posture of a penguin. 

Ruptured yolks. A yolk may rupture and flow into the body cavity or 
into the oviduct. When it flows into the body cavity, it covers the internal 
organs and gives them a yellowish cast. The accumulation of yolk material in 
the peritoneal cavity may result in peritonitis and death. 

If the yolk ruptures in the oviduct, it adheres to the walls, causes a thick- 
ening of the membranes, and leads to a catarrhal peritonitis. 

Rupture of yolks may be caused by cholera <p. 373), rough' handling, 
fright, flying on and off of high perches and nests, and by faulty nutrition. 

Miscellaneous Diseases 

A number of diseases of poultry are caused by injury or undesirable en- 
vironment, while still others are caused by microdrganisms or conditions 
that are not well understood. These diseases have been classed as miscel- 
laneous. They include blue comb, cannibalism, heat prostration, frozen combs 
and wattles, edema of the wattles, necrosis of the l^ak, pendulous crop, sod 
disease, bumblefoot, vent gleet, and rumors. 

Blue comb. This disease of unknown cause is also known as pullet dis- 
ease, X disease, cholera-like disease, contagious indigestion, and avian mono- 
cytosis. It usually occurs in pullets just coming into production either on range 
or after being housed. However, males may also be affected, as well as chicks 
as young as four weeks and hens up to two years. Vigorous, well-nourished 
pullets are most frequently attacked. The disease occurs more often in hot 
weather. 

Symptoms include a loss in appetite, diarrhea, and a severe drop in egg 
produaion. There may be shrivelling of the skin, darkening of the comb 
(blue comb), and fever in the later stages of an acute attack. Mortalit)’ varies 
from 0 to 50 per cent wdth an average of 5 per cent. The disease lasts for 
about 2 weeks but egg produaion may be below normal for several weeks. 

The liver often shows yellowish pin-point spots. Most organs are reddish. 
The bird is usually in good flesh. The intestines contain a mucous material. 
Tlie kidneys arc usually swollen, pale, and contain chalklike deposits. The 
o%*arj' may contain flabby ova and some may be broken. 

Control of blue comb disease necessitates good management so that undue 
stresses arc not placed on the birds. In case of an outbreak, an antibiotic 
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(aureomycin or streptomycin) may be used in the drinking water or feed, 
according to the directions of the manufacturer. The water treatment is 
preferable since the sick birds do not have a good appetite. They will not 
go without w’ater as long as without feed. 

Potasslum chloride or a good grade of muriate of potash fertiliaer (con 
taining at least 60 per cent potassium oxide) may be used at the rate of 0.5 
per cent in the drinking W'ater for 7 days, and, if necessary, at the rate of 1-5 
per cent in the feed for an additional 7 days. 

Cannibalism. Cannibalism may be encountered among birds of all ages. 
Among chicks, the trouble is conned to toe and tail picking. Among mature 
birds, the vent, tail, and comb are the regions most frequently pi<^ed. 

The trouble generally breaks out among overcrowded birds that are kept 
in close confinement. Birds picking at a woimd of an injured chick or picking 
at the tails of birds in front of them at the feeders, may get the habit or 
cannibalism started. Housing pullets of diflferent ages or stages of maturity 
together, birds laying eggs on the floor, and prolapse of oviduct or hemor- 
rhage from egg laying are other things that may lead to cannibalism. 

Cannibalism may be controlled by darkening the windows in the house, 
providing range, use of oats in the ration, and the removal of all injured 
birds as soon as observed. Sometimes a few birds are the cause of all flic 
trouble. It is desirable to watch for them and remove them from the flock. At 
times the use of one of the above suggestions is suflacient for control of the 
trouble, while in other cases more than one of them need to be used. 

The wounds of injured birds should be painted with pine tar or an "anti- 
pick" compound. One sucK compound consists of a mixture of four oxmees of 
vaseline, one-fourth ounce of carmine, and one-half ounce of aloes. 

Heat prostration. Mature fowk are better able to withstand extremely 


cold than extremely hot weather. Ouring extremely warm days, apparently 
healthy hens may die of heat prostration. 

Helpful pre>’eQtive measures against heat prostration are shade, ventilated 
nests, and an ample supply of water. 

Frozen combs and wattles. Birds having large combs and wattles may 
have them frozen during tnittemely cold temperatures in the house. H'' 
frosted pans become swollen and painful, bluish-red in color, and the severely 
frozen portions slough off. 

If dlsco^•cred early, the affeaed parts may be thawed out with cold water 
and thoroughly greased with vaseline. 

■"‘U hasten recovery (Fig- 
V ^ u- W’attle is cut off with tinners* shears or some other dull 

shots which crush as they cut. The ciushing of the tissues and blood vessels 
help to prevent hemorrhage. Seating the cut surface with a hot knife, addi- 
1 “Itoholic solution of ferric chloride, dusting with 

^ deted alum, or the application of a little ground mash feed to the wound 
nlL -“y result from the opration. 

cnmM t J “ 'i "“d to designate the riSoval of the 

combs and wanlcs of growing stock to prevent feezing during the ensuing 
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winter. The combs and wattles may be trimmed from young Leghorns by 
means of small sharp scissors when the birds are about four weeks old. There 
is little or no bleeding when the operation is performed at this age. 

Edema of the wattles. This disease is characterized by a hot, sw’ollen 
wattle £lled with a fluid which later changes to a hard cheesy nodule. Edema 
of the wattle is more common among males than females. 

The cause of edema of the wattle is not known. The causative organism 
for fowl cholera (p. 373) and other baaeria have been isolated from the 
lesions. The trouble may start from an infection in a wound of the wattle. 
The affected wattle may be removed like frozen wattles. 

Necrosis of the beak. This trouble is caused by the packing of finely 
ground mash feed in the mouth. It may accumulate under the tongue or 
along the edges of the upper and lower mandibles. The accumulation of feed 
interferes with the closing of the mouth and results in abnormal respiration. 
The mouth becomes dry, inflammation sets in at the site of feed deposit, and 
secondary bacterial infections may result. 

The trouble may be prevented by avoiding the use of finely ground mash 
or by using more fiber in the mash. The use of a large amount of ground 
wheat in the ration may cause the feed to stick in the mouth. 

Affected chicks may be cured by removing the adhering food material and 
washing out the mouth with salt water. 

Pendulous crop. Enlarged pendulous crops may be found among birds of 
the heavy breeds of chickens and among growing poults rwo to three months 
of age. 

Tbe trouble may be caused by irregular feeding. Consumption of a large 
quantity of feed or water or both at a given time may cause a weakening of 
the crop wall which will not return to normal. 

Keeping feed and water before birds of all ages at all times, preventing 
overheating in houses, and providing shade on range will help prevent the 
trouble. 

Sod disease. This is a rather uncommon disease that affects die feet of 
young chickens and even mature birds that have access to grass range. 

Symptoms of sod disease are blisters between the toes, swollen and tender 
feet, thick scabs, and possibly the loss of a part of the foot. 

The disease is known as vesicular dermatitis, but the causative organism 
is unknown. 

In case of an outbreak, confine the birds to plowed ground or to the house. 
Bumblefoot. Bumblefoot is a term applied to a s^'ollen foot of a fowl 
The condition, described here, is found most often among laying hens. 

The ball of the foot b hoc and swollen. The bird may limp and hold the 
affeaed foot up. In some cases, both feet arc affeaed. The swollen condition 
is followed by an accumubtion of cheesy material In the ball of the foot and 
bertveen the toes. 

Bacteriological examination re^•cab the presence of different kinds of 
bacteria. Tliey probably gain entrance through a break in the skin on the 
foot. 
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In treating birds for bumblefoot, the lesions should be lanced, the cheesy 
material pressed or picked out, the cavity washed with salt water ^ 
carbolic acid solution, and the foot bandaged. The wound should be dressed 
daily until the bird recovers. . , , 

Vent gleet. Vent gleet is a disease of mature birds. It is charaCTenzed J 
a severe irritation, a watery discharge that becomes foul smelling, ari a 
reddened area around the vent. The fow'l will pick at the irritated surface, 
and other birds may pick at the swollen and r^dened area, causing ulcera* 


tlOIL 

Affected birds should be removed from the flock, the feathers clipped 
around the vent, the scabs removed by washing with warm soapy water, an 
zinc oxide or mercurial ointment applied to the inflamed area. 

Tumors. Tumors are masses of unorganized tissue which grow inaj' 
pendently of surrounding structures and have no physiologic use. Old birds 
are quite likely to have tumors. They are found most frequently in the 
oviduCT and ovary, but may occur an)rwhere in the body or on the surface. 
They vary all the way from baglike structures filled with fluid to hard meaty 
or even bony tissue. Tumors may press on nerves, causing paralysis; rupture 
blood vessels, causing hemorrhage; close the respiratory passages, causing 
suffocation; and cause injury or death in many other ways. 

There is no treatment for internal tumors. Some external rumors may 
be removed satisfactorily by surgical 


REVIEW QUESTIONS 

1. Which may be used with more safety on a farm, a baaerin or a virus? Why? 

2. What are some of the factors influeoang the severity of an infection? 

3- What are the chief means of spreading poultry diseases? 

4. What are the principal diseases that affect growing stock? Mature birds? 

5. Why is prevention of poultry diseases more practical than treatment? 

6. Is it easier to free the poultry yards from internal parasites or from path®* 
gemc baaeria? Why? 

7. Name a pracucal dismfecunt and describe its use in the poultry house in 
case of an outbreak of disease. 

8. What nutriuonal disease is most likely to be encountered in poultry pro- 
duction? Why? 

9. Differentiate between nutriuonal and ocular roup. 

10. Differenuate between rickets and perosis 

\ between chick dermatitis and fowl pox. 

12. What is the control for curled-toe paralysis? 

13. Nutriiioiul encepMomalad. tmy be confused with what other chick tUS' 


Is T of -elects among laying hc»s? 

5. Wto should be done tn msc of po.soning in the lock' 

17 between the life cycles of lice and ted mites. 

18 wL! T' birds for lice? 

19 - fowls? 

20 Wh.f ft. oontroh loundworm or tapeworm infestation? Why? 

20. What other uonbles may be ctmloscd with ta^otm infestation? 
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21. Why are cecal worms a menace to turkey production? 

22. Symptoms of tapeworm infestation may be confused with those of what 
other disease? 

23. Lesions caused by tapeworm infestation may be confused with lesions caused 

by what other diseases? > 

24. Do confined or range birds suffer more from internal parasite infestation? 
Why? 

25. Do winter- or spring-hatched poultry suffer more from infectious diseases? 
Why? 

26. Chronic coccidiosis infection may be confused with what other diseases? 

27. What is the method of controlling coccidiosis infection? 

28. What is the life cycle of blackhead? 

29. How are mold diseases spread? 

30. What are the principal baaerial diseases of poultry? 

31. What are the steps in the National Poultry Breeding Plan for the control 
of pullorum disease? 

32. How may one differentiate between egg and incubator pullorum-infected 
chicks? 

33. What are some of the benefits to be gained by incubator fumigation? 

34. Which is the most practical of the three official pullorum tests? Why? 

35. In testing birds for pullorum infection, what is the tester looking for in 
the blood? 

36. What other disease is so closely related to pullorum that the pullorum test 
also detects birds having the disease? 

37. What are the chief diagnostic charaaeristics of cholera? 

38. What is the recommended plan for the control of avian tuberculosis? 

39. Differentiate between a cold and ocular roup. 

40. What is the cause of botulism? 

41. Give directions for vaccination of birds for prevention of fowl pox. 

42. What is the most reliable diagnostic characteristic of laryngotracheitis in- 
feaion? 

43. What is the procedure for controlling an outbreak of chick bronchitis in a 
hatchery? 

44. What are the principal forms of leucosis as indicated by symptoms? 

45. What are the recommendations for the control of leucosis? 

46. How may "pick outs" be controlled? 

47. Why "dub" cockerels? 
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Marketing Eggs 


Afarketing Problems 

Problems in marketing poultry products arise from (1) the location of 
these products with respect to consumption centers, (2) their seasonal dis- 
tribution relative to the time of consumption, and ( 3 ) the maintenance of 
quality through the marketing channels while they are being held or trans- 
ported. The difference between production and consumption centers gives 
rise to problems in transportation. Seasonal produaion without corresponding 
seasonal consumption necessitates cold storage with its problems. The 
physical and chemical nature of poultry and eggs with their consequent 
changes resulting in deterioration inaugurates a multiplicity of problems 
pertaining to the maintenance of quality in poultry and eggs. 

Produaion and consumption centers. In a primitive or more self-suf- 
ficing agriculmre, food produas are consumed by those who produce them or 
by nearby consumers. In colonial times in America each family produced 
the eggs and poultry used in its fare, but as our national life became more 
complex diversified poultry raising beoime more specialized. Poultry fol- 
lowed the grain regions, particularly the Corn Belt, and thus the produaion 
centers for poultry and eggs shifted far west of the industrial cities where the 
great bulk of the surplus poultry and eggs is consumed. To visualize the rela- 
tionship of poultry and human populations in the respeaive states, egg pro- 
duaion per capita has been calculated and shown in Figure I64. Since the 
United States as a nation may be considered self-sufficient as to poultry and 
eggs, it may be assumed that the per capita production also represents the per 
capita consumption of eggs for the United States. From 1931 to 1936 about 
370 chickens were required to produce the poultrj’ and eggs consumed by 
100 people living in the United States. If we may assume that consumption 
of poultry and eggs is about the same in all states, w’c may determine very 
readily those states which produce the surpluses and those states which re- 
quire additional supplies. However, surplus-producing states probably have a 
somewhat higher per capita consumption of eggs and poultry than do def- 
icit-producing states. Figure 164 shows that the surplus egg- producing areas 
center in the Middle West. The centers of consumption for eggs and poultry 
arc located cast of the produaion centers because the more populous areas 
399 


Fig 165. Seasonal production of low- and high-producing hens. 

are in the eastern part of the United States. There is considerable movemeot 
of eggs to and from states wbidi produt* sufficient quantities of eggs 
their population. This movement is due to a lack of coordination 
marketing of eggs and also because the supply and demand for the diSet' 
ent grades do not coincide. 
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MILLION CASES 



Fig. 166. Seasonal variation In eold*itoroge holdings of eggs In U. S., 1953. (U. S. D. A. Cold* 
Storoge Reports.) 


Seasonal distribution of production. The produaion of poultr}' and 
eggs in the United States is highly seasonal Spring, the natural reproduc- 
tive season for birds, is the time of the year when great surpluses of eggs are 
produced. While the wild fowl from which the domesticated chickens 
descended continue to produce only enough eggs during the spring to re- 
produce their species, the egg prt^uaion of their domesticated relatives 
has been greatly modified by man. Figure 165 shows the seasonal production 
of eggs by hens of different productive abilities. As production has been in- 
aeased, it has been extended over longer periods of the year. With genetically 
improved birds which receive the proper management and nutrition we may 
expect more eggs per bird and less seasonal variation in produaion. Com- 
mercial poulrrj’ raisers are smoothing our the produaion curve of their 
flocks by hatching chicks at different seasons of the year and by other manage- 
ment praaices. Just how far and rapid this smoothing out process will go is 
problematical, but for the present and during the near future the great bulk 
of the eggs will continue to be produced during the spring months. Thus the 
problem of conserving eggs from ^liods of overproduaion co periocfs of 
underproduaion remains a major one. Figure 166 shows the cold-storage 





Fig. 167. Movement of dretsed poultry Into and out ol tloroge In 1953. (U- 5. D. A> 
Storage Raportt.] 


holdings of shell eggs and froiea eggs and illustrates the importance of cold 
storage in conserving the eggs produced during the spring for fall and winter 
consumption. 

Since spring is also the time for initiating flock replacement prograi^ 
most baby chitfe ate hatched at that time of the year. The surplus rnalw 
and pullets which ate raised teach the markets during the late summer an 
fall months. The culling of flocks, which is most generally done during the 
fall, adds its quota of poultry to the surplus accmnulations of poultry meat 
at that season. The seasonal marketing of poultry is indicated by Figure 195» 
which shows the cold-storage holdings of poultry in the United States. 

Consumption of poultry and eggs. If the consumption of poultry and 
eggs coincided m time with their seasonal produaion, the marketing serv- 
ices required for storing these products could be eliminated or reduc^l to a 
minimim Storage of these products, however, as iUusttated by KguK 
167, varies considerably thronghont the year and these variations do not coin- 
cide with the seasonal vaiUtion in production. Certain products, such as 
tntkeys and live poultry, have special hoUday demands which cause the bulb 
ol these products to be matketed for these occasions. Tlie relation of the 
pt^netton and consumption of eggs throughout the year is shown by Figot' 


The problem of quafity. An ideal marketing system would give the mos 
of the 6nest qility during all seasons b 
ItSv atari ■ ?' “f^ioed, but itshonld be the goal b 

ucts subifcf^ h market poultry are nonliving biological pro*^ 

L nltr-lt, n iecomptiitlon which tSnse deleriotatio. 

t ^ 'l“o aoon after their origh 

IS generaUy admtned. The maintenance ol quality of eggs and poultry b ^ 
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Fig. 168. Production and coniutnptlon of oggi< overage for 1952 end 1953, by thousands ef 
cases. (U. S. D. A. Reports.) 


major problem in the industry. Since the production and consumption centers 
are 'widely separated, considerable time is required to transport these products 
to the retail markets. During such time quaJit}' of the produas is being de- 
creased to an extent depending upon the conditions under which they are 
being moved to market. 

Surpluses, arising above consumption requirements at different seasons of 
the year, necessitate the storage of great quantities of poultry and eggs. The 
maintenance of qualitj’ o^'er an extended period is an important storage 
problem. Since temperature and humidity are highly variable climatic con- 
ditions and are of the utmost imporunce in the maintenance of quality in 
poultry and eggs, these two faaors must be controlled if suitable results are 
to be obtained. That the problem of quality in eggs and poultry is also one 
of breeding is recognized by the industr)'. Therefore, qualit)' and its main- 
tenance in poultry products is one of the important problems with which the 
industrj’ will always be concerned. A satisfaaory solution of this problem 
requires the co-operation of producers, marketing agencies, and consumers. 
Due to its complexit)', neither an early nor perfect solution is anticipated. 

Marketing Services 

Before considering the marketing of poultry products, the economic basis 
of marketing should be understood. Marketing is the rendering of essential 
services such as assembling, proce«ing, grading, fracking, transporting, storing. 



404 


Poultry: Science and Practice 
’ be 


financing, and distributing. The agencies providing these services may be 
private or co-operative and their methods may be direct, integrated, or regular, 
but the services are essential and cannot be eliminated. 

Assembling. From more than 5 million farms come eggs and try 
mostly in small quantities. These products, comprised of small units an 
marketed in small lots, make the problem of assembling an important one. 
The producer of a few dozen eggs each week cannot afford to send the eggs 
to the distant cities, but they roust be shipped long distances to market i 
suitable prices are to be received. Someone must assemble these srna 
quantities of eggs and poultry in car Iocs and ship them to market. By so do- 
ing, sufficient volume is obtained to reduce transportation and other operating 
costs. Assembling provides volume of the different qualities and makes 
grading possible. 

Processing. By processing, the form of the unfinished product is changed 
to that of the finished product. This is an important service in marketing 
poultry. The farmer prefers to sell live chickens, while most consumers de- 
mand poultry prepared for cooking. Marketing agencies purchase the birds 
from the producers and prepare them to meet the consumers' demands. Fatten- 
ing, killing, and dressing are the preceding services required for poultry. 
Whole shell eggs, which represent the bulk of eggs marketed, do not re- 
quire processing services. There is, however, an increasing demand for frozen 
egg products which require breaking and freezing. 

Grading. Poultry and eggs vary greatly in their market qualities. Grouping 
these products according to their respective qualities constitutes grading 
While grading is not used as extensively in the poultry industry as it should 
be, there is a growing demand for graded poultry and eggs. Grading is 
economical procedure because it facilitates the sale of products on a quality 
basis and thereby stimulates the produaion of better quality products and 
encourages the maintenance of quality while the products are passing through 
the marketing channels Graded products are more easily financed, traded in> 
and advertised than are ungiad^ products. The costs of marketing re- 
d,uced and demand is stimulated by the sale of graded products. The elimina- 
tion of cull poultry and inedible and inferior eggs by careful grading at the 
^im of origin would prevent products from being marketed which frequently 
do not pay transportation costs. 

Packing. The poultry and egg packing industry renders distina marketing 
services, including packaging these products m suitable containers under 
proper conditions so that they will retain their quality. Standard containers 
are thirty dozen cases for eggs, and boxes holding twelve dressed birds. By 
proper pac aging, handling is facilitated, transportation and storing costs 
are reduced, shrinkage and spoilage are minimized, and the price of the 
product IS increased. ' 

B a major problem in marketing poultry 
cemerrim^”"/ from the corSuSrption 

ror,h;iT Kamportation facilities reduce marketing costs and nar- 
row the pnee margins between the producer and the consumef. The magnim* 
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of the transportation problem is indicated by the fact that one state (Iowa) 
alone ships annually approximately two thousand carloads of eggs to New 
York City. In recent years the use of trucks, even on long hauls, has been in- 
creasing. 

Storing. The highly seasonal nature of poultry and egg production makes 
storage a necessity. By storing these products from periods of overproduction 
so that they may be used when production is low, marketing operations and 
prices are stabilized and the supply of these commodities is better adjusted to 
consumer needs. 

Financing. To provide the necessary marketing services, adequate financ- 
ing is needed. Several million dollars each year must be invested in the eggs 
and poultry which are marketed and stored. Vast sums are invested also in the 
facilities required for marketing these products. 

Distributing. The problem of moving several million cases of eggs and 
several hundred million pounds of poultry from more than 5 million farms 
to l65 million consumers is no small task. Some of the finest quality break- 
fast eggs have been delivered to consumers in New York City from poultry 
farms in California. The housewife in Boston may purchase a turkey for 
Thanksgiving which was raised by a Minnesota farmer. Agencies highly 
specialized in the marketing of such produas maintain a constant flow of 
these commodities from producer to consumer. 

Assuming risk. Egg and poultry prices often fluctuate greatly between 
the time these products are product and the time they are consumed. 
Someone muse assume the risks involved in price flucmacions as well as Josses 
incurred from spoilage and the hazards of namie. 

The Egg as an Article of Commerce 

The egg is one of the leading agricultural commodities in the world’s 
markets. In the United States alone, more than 170 million cases of eggs 
are produced annually, and more than 50 billion eggs enter the channels of 
trade each year. Thousands of people are engaged in transporting, handling, 
and merchandizing these eggs. Many ser\’ices are performed by marketing 
agencies as eggs move from producers to consumers. 

More than 15 hundred thousand cases of shell eggs and 200 million 
pounds of frozen eggs equivalent to 5 million cases of shell eggs are in 
storage on July 1 (the peak of storage). Millions of cubic feet of storage 
space are required for these produas. Eggs arc sold to millions of customers 
by thousands of retail stores throughout the nation. They provide an income 
to American farmers of nearly two billion dollars annually. This income 
represents purchasing power for innumerable quantities of other goods. 
The chicken egg, in fresh, frozen and dried forms, is a ver)* imporranc 
article of commerce in the United States. This imponance can be attrib- 
uted to the izet that in preparing a self-contained reproduaive unit, na- 
ture had to endow the egg with all the nutrients needed for dc^•eloping a 
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living organism. Man, not unlike other living organisms, has need for th« 
same essential nutrients, and therefore eggs are important in the human di^ 
The importance of the egg in human nutrition may be more fully appreciated 
if the structure and composition of the egg are better understood- 

Structure of the egg. The detailed structure of the egg and its formation 
are discussed in Chapter Three; therefore, at this point only the gross struc- 
ture as related to the egg as a food product will be reviewed. The egg in 
commercial channels of trade divides quite naturally into the following 
proportional major parts: shell (10), white (60), and yolk (30). In market- 
ing, the shell b^omes a waste product, the disposal of which represents a 
loss to the industry. However, it is an inexpensive container for egg nieat. 
The white is made up of thick white, the outer thin w’hite, and the inner thm 
white. The yolk is surrounded by and floats in the white of the egg- 
stmcture of the egg is such that the shell can be removed with the loss of 
only a small amount of albumen, and the yolk can be readily separated from 
the white. The ease by which the parts of the egg can be separated makes 
possible the freezing and drying of yolk and albumen. The yolk of the egS 
is made up of many layers and contains the germ spot from which the chick 
embryo develops. 

Composition of the egg. In the marketing of eggs the compositloo of 
die egg in its relation to human nutrition b important. The fact that the hen* 
egg contains many essential nutrients should interest those engaged in 
marketing eggs. They should stress in their sales work the importance of tb* 
egg in human nutrition. Eggs are rich in proteins, fats, and mineral elemeoa 
(Table 1, Appendix). The vitamins requbed by humans which are found in 
eggs are vitamins A, Bj, D, riboflavin and B,.. Since the egg contains all of 
the nutrients exapt oxygen necessary to develop a perfea animal ( the chick) , 
Its importance in the human diet would be indicated without reference to 
experimental data. There is, however, ample scientific evidence to show- the 
importance of the egg in the human diet. 

Judging Quality in Eggs 

For many y«rs oggs hayo been deacribrf as hayinn Rood quality or poor 
quality but on y wiihiu recent years have inyestigarors aSempted ro refine the 
meth^ used for determining egg quality. Candling has been the commercial 
method used and until recent years the only method available for judginS 
*e quality of sheU eggs. Other tesK of quality are chemical, biological, «<• 
baaenological analysis, meanuements of inrerior egg quah'ty, and cookmg 

““i^ttion of sheU eggs before a 
^r eiSd r^S *= contents of the e^- 

^.^taorch on'l i "■* 'SSa »hich pass through the reguW 
of the air celf and th* ^oct most of the inedible eggs, note the si^ 
ot the air ceU and diereby estimate the age of the egg, delS tremulous and 
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movable air cells, observe any germ development on the yolk, estimate the 
condition of the white, and observe any imperfeaions in the shell. They can 
detect most meat spots, blood clots, and eggs having bloody albumen. From 
these, observations they can group the eggs into commercial grades with a 
reasonable degree of accuracy. 

The relation of average interior egg quality to the commercial grade ar- 
rived at by candling is shown in Table 79. 


Table 79 


THE RELATION OF THE COMMERCIAL GRADE OF FERTILE EGGS TO THEIR 
INTERIOR QUALITY. FEB.— MAY, 1942 ' 



Grade A 

Grade B 

Grade C 

Number of eggs measured. 

100 

100 

53 

Albumen score 

2.33 

2.76 

4.02 

Diameter of germinal disc 

S.OS 

4.48 

8.29 

Percentage of apparent thick white 

73.63 

70.44 

52.89 

Yolk index 

.38 

1 .37 

.22 

Pressure per square centimeter required to rupture 
the vitelline membrane 

11.6 

^ 9.8 

6.7 


Measurements for inferior egg quality. During recent years several 
investigators have developed method for measuring the quality of eggs after 
they are broken out. These so-called measures of interior quality are used to 
determine the effects of different faaors on the interior condition of the 
eggs as revealed after the egg is broken out. By using such methods the in- 
vestigator can better determine the effect of different rations on the shell, 
yolk, or white. He can determine more accurately the results from exposing 
eggs to different environmental conditions, temperature effeas, etc. A better 
undersranding of the interior quality' of eggs has led to the study of the fac- 
tors which influence quality. The standard and accepted measurements of 
egg quality generally are: (1) albumen score (Fig. 169), (2) number and 
size of meat and blood spots, (3) shell thickness, and (4) other abnormali- 
ties. Breeders are incorporating these measurements into their breeding 
program. 

Cooking tests. The real test for egg quality is the kind of product pro- 
duced when the egg is prepared for human consumption. Other measures 
of quality' are useless unless they are correlated with the edible qualities of 
the egg. Some institutions are using cooking tests for the determination of 
quality in eggs and poultry used in experiments or produced by feeding ex- 
periments. An egg with an albumen score of I.O is excellent as a breakfast 
egg, but a lower-quality egg may be equally as good for other uses. Orrain 
feeds impart undesirable flavors to eggs and poultry meat. Cooking tests 
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Fig. 169. Albumen interior qvoiity of egg*. (U. S. D. A.) 


be used for detecting such effects. The entire problem of quality lo ^ 8 ^ 
is one which should be attacked from the viewpoint of the ultimate con- 
sumer, who should be guided by nutritive as well as aesthetic values. 

Chemical, biological, and bacteriological tests. Chemical analyses for 
determining egg quality have not as yet been perfected so that they have 
praaical application m the mdustry. Tests for free ammonia may be made 
to detect decomposed eggs, and pH values are used by investigators to de- 
termine such changes in eggs stored. 

Biological assays for the determination of the vitamin content of eggs 
bemg used In such work, the products studied are fed to such laboratory 
animals as rats or chicks Work in this held will likely be expanded as re- 
search in poultry products is developed. 

The use of bacteriological analyses for studying quality in eggs and poultry 



Marketing Eggs 409 

is liniifed, as yet, ptimariJy to research irork. Producers of fro 2 en and dried 
eggs are interested in the baaerial count of these eggs. 

Factors Affecting Q/utlity in Fresh-Laid Eggs 

Since investigators have developed methods for measuring egg quality, 
research workers have devoted more attention to the faaors which influence 
egg quality. They have found wide variations in quality and many factors 
which influence the quality of an egg. 


Inheritance 


An examination of fresh-laid eggs shows that they differ considerably in 
quality and if the eggs are traced to the individual hens that laid them, ir 
will be found that they differ as to the quality of the eggs they produce. 
Table 80 shows some of the differences in quality of eggs laid by different 
hens. Hen 126 produced eggs with fine albumen and yolk quality and no 
meat or blood spots were found in an examination of her eggs. The eggs laid 
by hen 368 contained praaically no thick white and every egg examined had 
from one to four meat spots. Hen 473 though she produced eggs having good 
albumen quality was undesirable because of the meat spots found in her 
eggs. 


Table SO 


THE QUALITY OF EGGS LAID BY DIFFERENT HENS 

(Eggs cooled and examined within 24 hours after laying)* 


Heir 

No. 

Date 

IVcwmr 

(CRAMSl 

Aibcmcx Qvauty 

Yoik 

Meat axd Bloov Srors 

Score 

Height 

Width 

Index 

Height 

Width 

Index 

126... 


59.6 

10 

9.5 

63.3 

.150 

206 

44J 

.463 


126... 

5-19-49 

59.2 

1.0 

9.8 

70.5 

.139 

19.6 

45 3 

.432 

Nnnr 

126... 

5-20-49 

57.5 

1.0 

9.7 

73.4 

.132 

20 3 

44.2 

.459 

None 

m... 


6r.4 

Lcr 


76.0 

. 11 / 

19 5 

44.0 

.443 

A'liTie 

126... 

5-22-49 

61 6 

I.O 

9.5 

78.9 

.120 

19.6 

45.7 

.429 

None 

368... 

5-15-49 

62.5 

4.5 

3.8 

1204- 

.032 

16 4 

43.8 

.374 

4 Lirire meaixpotx 

368... 

S-17-49 

6S.1 

45 

2.8 

120+ 

.023 

19 3 

42.1 

.458 

1 Medium-tixe meat ipot 

368... 

5-19-19 

70.9 

5.0 

2.2 

120+ 

.018 

17.4 

45 1 

.386 

1 Medium-tize meat ipot 

368... 

5-23-19 

71.8 

S.O 

22 

120+ 

.018 

17.1 

44 2 

.387 

3 Medium-«ize meat ipoti 

368... 

5-24-19 

72.4 

5.0 

20 

120+ 

.017 

186 

40.7 

457 

2 Small meat irntt 

473... 

5-23-49 

58.4 

1.5 

7.3 

75.8 

.096 

20.1 

44.3 

454 

2 Medium-«tze meat ipota 

473... 

S-24-19 

S8.5 

1.5 

76 

74.7 

.101 

20.4 

44 8 

.455 


473..'. 

5-25-49 

S6.2 

1.5 

7.3 

76.8 

.095 

20.8 

43 5 

.478 

4 Small meat ipota 

473... 

5-26-49 

SS.6 

1.5 

7.4 

71.8 

.103 

20.2 

44.8 

451 

4Snullmeattrot* 

473... 

5-27-49 

54.1 

1.5 

7.9 

72.3 

.109 

19 9 

42.9 

464 

3 Small meal tpoti 


It Im been shown by the United States Department of Agriculture that the 
ability to produce eggs containing a high or low percentage of thick albumen 
as well as meat and blood spots is inherited and that the problem must be 
attacked by breeding. 

* Unpublished data from the University of Missouri. 
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It has been established by the Beltsville Agricultural Research Center that 
shell quality and the ability of thick white to withsund high temperature 
are also inherited and therefore are breeding problems. 

The Massachusetts Agricultural Experiment Station has reported 
some hens tend to produce eggs with a "fishy" flavor. These birds may 
deteaed by the odor (old silage) of their breath. Their results also in icate 
that this charaaeristic is inherited. ^ 

Therefore any fundamental progress in improving the original quality o 
fresh-laid eggs must be made by the poultry breeder. 


Nutrition 


The composition and quality of an egg ate affected by the feed the co 
consumes. . , 

Yolk color. The color of the yolk of an egg is determined by the f 
the hen eats. Layers receiving a ration containing a high percentage of gr«o 
feed and yellow corn produce eggs containing yolks with more yellow co 
than do hens eating less of these feedstuffs. 

Hens sometimes lay eggs containing olive-colored yolks. This condition is 
nutiitionaL Acorn meat or hulls will produce this condition. Some of the egg* 
laid by hens eating acotns contain yolks which are brown. The Ka^ 
Station has reported that the feeding of molasses-oat-grass silage caused oh^*' 
colored yolks. 

Cottonseed meal when fed at high levels to laying hens will cause an 
oUve-coIoted yolk to develop after the shell egg has been stored for fo“* 
weeks or longer. This condition does not develop in the froaen egg products 
The agent in cottonseed meal which causes the olive-colored yolk is gossypo'- 
Cottonseed meal will also cause a reddish color to develop in the yolks o 
stored shell eggs. 

Yolks can be made dark reddish-brown by feeding pimento peppers. 
Albumen color. The color of the albumen may be affected by feediog- 
Hew receiving an abundance of riboflavin produce eggs containing alburoea 
which shows a very light greenbh cast. 

Shell eggs stored for one month or longer sometimes contain pink wbites- 
The California Agricultural Experiment Station has established that th^ 
pi whites may arise when the layers consume rations containing cottoosee® 
meal, or the seeds of cheeseweed or hollyhock. 

The ttting of onions, rape, turnips, and cabbage has been reported to 
cause off-flavors and odors in eggs 

Shell quality. The quality of the shell is affected by the ration. 
co™u,g tenons deSeient in calcium ot vitamin D will lay eggs with du“ 


hBnetal content Research workers have shown that the percentage of 
SuJ 'Odme, copper, iron, and manganese in eggs can be influenced b? 

Vitamin content The vitamin content of eggs can be influenced bj 
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nutrition. The feeding of green feed, yellow corn, or cod liver oil will in- 
crease the vitamin A content of eggs. The feeding of the fish oils will also 
increase the vitamin D in eggs. The other vitamins required by poultry are 
deposited in the egg and the relative amount can be influenced by feeding. 

Season 

Eggs laid in the summer when the temperatures are high are smaller in 
size, have weaker shells, and generally conrain less thick white than those 
laid during the preceding spring. 


Disease 

Outbreaks of Newcastle disease in laying flocks are followed by the produc- 
tion of misshapen eggs containing mostly watery whites and abnormal air 
cells (bubbly). 


Maintaining Quality in Eggs 

The maintenance of quality in shell eggs is one of the major marketing 
problems. Fresh-laid eggs are generally of good quality with the exception 
of meat and blood spots. Most of the loss in quality results from the effea 
of the environment in which the eggs are held. 

Temperature. One of the biggest marketing problems is to maintain a 
suitable temperature where the eggs are held after they are laid and before 
they are consumed. High temperature probably causes more spoilage in eggs 
than any other faaor. Fertile eggs when held at temperatures above 80® F. 
soon develop embr}' 0 nically to a point where they are inedible. The rate of 
growth is show’n in Chapter Six. Millions of dozens of eggs become total loss 
in the United States ea^ summer because fertile eggs develop into inedible 

High temperature causes a very rapid break down of the thick white into 
thin white. It also results in a flattening of the yolk (Figs. 169 and 170). 
The yolk index (height 4- width) decreases very rapidly when eggs are 
held at 90® F. or 100® F. Such high temperatures also result in ver)’ weak 
yolk membranes. 

From work done at the Afissouri Agricultural Experiment Sration the fol- 
lowing conclusions may be drawn: 

Temperature was found to be a very important faaor affcaing egg quality. 

Thick albumen was convened to thin albumen very slowly at temperatures of 
30* F. and 50® F. but quite rapidly at temperatures of 80® F. to 100® F. Lique- 
faction of the thick white proceeded at a more rapid rate in fenile than in in- 
fenile eggs if the temperature was high enough for rapid embryonic develop- 
ment. 

Shell eggs held at 30* F. and 50" F. maintained relatively low albumen scores 
throughout the 70 da)*s of the experiment but these scores went up very rapidly 
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Fig. 170 Eff«et of iemp«ratvr» on thangei In egg quality. 


foe e gg s held at 70® F. to 100® F. aod more rapidly in fertile than in infertile 

^SS*- 

The yolk of shell eggs held at 80® F. to 100® F. flattened very rapidly 
compared to those held at 30® F. and 50® F. These data did not show any 
significant difference bens-een fertile and infertile eggs. The vitelline membr^^ 
of the yolk retained its strength remarkably ■well at 30® F. and 50® F-. 
deteriorated quite rapidly at the higher temperatures, especially in fertile 
The data obtained showed that macroscopically germ development in f®^^ 
eggs cannot be detected in shell eggs held at temperatures below 80® F- 
cernible germ development occurred only after the temperature was raised to 
above 80 F. At 85® F. embryonic development proceeded very rapidly. 


A very praaical problem is to remove the animal heat from the egg 
soon as possible after the egg is laid. The manner in which the egg is ex- 
p^d while being cooled is an important factor affecting the rate of coolioS- 
Figure 171 show’s the rate at whieh eggs cool when exposed as individual eg^ 
or in different containers. Eggs held in wire baskets cooled to 70° F. witbiD 
5 hours while 13 hours was reqmred to cool eggs an equal amount if the egg* 
were cased before being cooled. 

Humidity. Natural eggs held to a dry atmosphere lose moisture 
rapidly and develop large air cells. The size of the air cell is an 
poftam consideration in grading sheU eggs because it indicates age and hold' 



TIMPEKATUU 


Marketing Eggs 


413 



Fig. 171. Effect of container on the rote of cooling In eggs. (Egg room ot 50* F.) 


ing conditions. Eggs should therefore be held where the humidity is rela* 
tively high so that the air cell will remain small. A basement or cellar where 
the floor can be kept damp is a satisfactory place to hold eggs on the farm. 
Humidity has but little if any effea on the quality of the yolk or albumen. 
The effea on evaporation of both temperature and humidity is shown by 
Table 81. 

Age of egg. The aging of an egg brings deterioration. Under ideal holding 
conditions changes in qualit)’ are very slow and eggs may possess excellent 
qualit)’ after several weeks or months but under adverse conditions they may 
become inedible within a few days. 

Producers should hold their eggs under the most favorable conditions 
available and market them at least once each week. Marketing agencies 
should speed up delivery so char a minimum of time elapses between produc* 
tion and consumption. 

Handling. Rough handling is detrimental to egg qualit)’, resulting in 
tremulous and movable air cells as well as checked and aacked eggs. Eggs 
shipped long distances develop tremulous air cclb. Eggs cased small end down 
develop fewer tremulous air cells than eggs placed in the cases with the 
large (air cell) end down. 

The problem of soiled eggs. Million of dozens of soiled eggs enter the 
channels of trade caclt year. They constitute a major marketing problem. 
They should not be offer^ to consumers berause they have a depressing effea 
on consumer demand for shell eggs. Fortunately most of them come into the 
markets during the spring when the egg-breaking plants can use them. 
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6. The only method found to be effective in all cases in preventing spoilage 
in storage was ihermostabiUzatioa, applied either during the process of wash- 
ing or soon thereafter. This means complete immersion in water or oil for 
several minutes and does not refer to merely sprinkling or spraying warm 
water over eggs. The heat must penetrate the eggs in order to be effective. 

Maintaining Egg Quality 

The maintenance of egg quality is a major problem of the industry, par- 
ticularly for those production areas most remote from their principal markets. 

Quality egg programs. The Agricultural Extension Service and other 
agencies have carried on rather extensive educational campaigns designed 
to improve the quality of eggs produced. While these programs have ac- 
complished much where the marketing agencies have provided suitable price 
differentials for the different grades of eggs, they have failed where eggs were 
not bought by grade. The Producers Produce Cbmpany, Springfield, Missouri, 
co-operating with the Missouri Agricultural Extension Service, has done much 
to improve the quality of eggs marketed in that territory. In their program 
they emphasized the following points: 

1. Produce clean eggs. 

2. Feed a complete radon all the time. 

3. Produce ioferdle eggs after the hatching season. 

4. Maintain the original quality of eggs. 

a. Gather eggs three times daily. 

b. Confine broody hens to coops. 

c. Keep eggs in a cellar, basement, or egg cooler. 

d. Maintain high humidity where eggs are held. 

c. Cool eggs before placing them in cases. 

5. Pack and market eggs with care. 

a. Case eggs w'ith small end down. 

b. Place top on case when full. 

c Deliver eggs at least twice each weelc. 

d. Protea eggs against sun and rain. 

e. Handle carefully. 

6. Breed for large egg size. 

Cold storage. One of the greatest advances made by man has been in the 
storage of a food supply from the time of an abundant harvest to a period of 
scarcity. The development of cold storage has made possible the storage of 
such perishable foods as eggs and dressed poultry. 

Tlie use which is made of cold storage for the prescr\'ation of egg 
qualit)' is shown in Figures l66, 172, 173, and 174. 

Since half of the eggs produced in the United States annually are pro- 
duced during tlie four months of March, April, May, and June, some form of 
storage is essential to consumers as well as produrers. Storage makes possible 
a satisfaaor)’ market for eggs during the spring, when a great surplus of eggs 
occurs, and it also provides eggs for the consumers at reasonable prices dur- 
ing the_fall and winter when fresh eggs are scarce. For best results, eggs should 



Tig. 172. Sloras« holding* of egg*, 1925-1953. (U. S. D. A., Bureow of AgneuH“f»* ^ 
nemia.) 


be Stored in cold-storage warehouses where the temperature is held at 
to 30® F. and the relative humidity is kept at 90 to 94 per cent. Eggs s 
be stored alone as they absorb odors if stored in rooms with substances 
emit odors. 

The estimated cost of storing shell eggs for six months in a cold 
warehouse in Qiicago in 1948 for eggs valued at 35 cents per dozen J 
<tnraop nrifl >i<inri1inn <^n .-onrp ...o* "JAIA rents, and 


surance IV 4 cents, making a total of 87V^ cents per 30-dozen case. 
also the depreciation in quality which occurs during storage. This is a 
cost which depends upon the quality of the eggs placed in storage an 


storage conditions maintained while the eggs are in storage. . j 

Shell treatment of eggs. To prevent evaporation while eggs are he 
to reduce the gaseous exchange which naturally occurs when eggs 
rounded by air, the practice of treating the shells with an oil 
arisen (Fig. 175). Special oil-dipping machines have been designed 
up the process and therefore make it applicable to packing-plant 
The oils used are li^twei^t petroleum oils which are tasteless, odorless, 
orless, and suitable for human tsinsuraption. The eggs treated with these 0 ^ 
retain their quality exceedingly well because very little evaporation occurs ao 
most of the carbon dioxide is retained in the egg and therefore the change 
pH is retarded. . 

Freezing eggs. The ftozcn-egg industry of the United States has de''®j°^ 
rapidly during the past twenty-five years. The relative growth of the induscj 



COUlTttT TKtKtN Ifi6 PtOBUCIt CO. 

Fig. 173. Cold storage worehouse owned fay the United Stoles Cold Storage Company, Kan- 
sas City, Missouri. 

in relation to shell eggs is shown in Figure 166. Yolks, whites, and mixed 
whole eggs are preserved by freezing and holding at low temperatures. Bakers, 
confeaioners, and other commercial users of eggs prefer eggs which have 
already been broken and the yolks and whites separated. The demand for 
frozen eggs has continued to increase. Approximately a third of the eggs 
stored annually in the United States are now stored as frozen eggs. 

The egg-breaking plants where eggs are frozen are located in the pro- 
duaion areas where shell eggs are relatively cheap. They are usually operated 
as a part of the commercial egg-packing plants, though many specialized 
breaking and freezing plants are found in these areas. 

A modern egg-breaking plant is operated under strictly sanitary con- 
ditions, and only high-quality eggs are placed in the cans. Figure 176 shows 
a modern egg-breaking plant in operation. 

Drj'ing eggs. Dried eggs have many uses: dried albumen is used by con- 
fectioners, dried yolk in prepared /Jours, dried whole egg in baker)’ produas, 
and during the war millions of pounds of whole dried egg were used as food 
for the men and w’omen in the militar)’ services and for feeding the peoples 
of Europe. The dried-egg industr)’ w’as not technically prepared for the 
tremendous expansion which skyrocketed the annual production of dried eggs 
to over 320,000,000 pounds in 1944. 

There arc three methods used in drying eggs: the belt, spray, and pan dry- 
ing. TJie egg spray driers are similar ro milk driers. This method is used foe 
producing dri«*d yolk and dried whole egg. Pan dr)'ing is generally used for 
albumen, but the spray method is now also used for ptixiucmg dried albumen. 

The amount of dried-egg products produced by a case of average market 
eggs is nine to ten pounds of dried whole egg, or seven to seven and one- 
half pounds dried yolk and tv.’o to two and one-half pounds of dried al- 
bumen. 

The dried-egg industr)- of the United States remained rather unimportant 
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STORAGE PERIOD IN WEEKS 

Ffg. 174. Change In albumen *care of egg« held In cold xtoroge. See Figure 16? 
men quolity. 


until the Japanese invasion of China to 1937. The Chinese source of 
eggs to this country was cut off, and the egg driers of the United States ex- 
panded their output to take care of the needs of this country, which was y 
ptoximately 10,000,000 pounds annually. "Wirh the war there came a ^ ^ 
mand for tremendous quantities of dried whole egg and annual prodncti® 
expanded (Table 82 ) , Afrer the war there came the inevitable let down 
most people expected, and while mote dried eggs will, no doubt, be nsrf 
than before the war, the amount wiU be only a fraction of what was P«^ 
duced in 1944. 

ThermostabiUxation of quality in sheU eggs. One of the problems coo- 
ftontmg the poultry industry is the maintenance of the fresh-laid quallt)^' 
shell eggs from the time of ptoduaion until such eggs arc consumed- 'fb' 


Table 82 

DIUEn EOGS (ECO SOLIDs) PRODUCED IN THE UNITED STATES FROM F*®' 

WAR II TO 1953 . (thousand pounds.) 

1 ^::::: 



Missouri Agricultural Experiment Station in 1943 announced a new process 
for maintaining egg qualit)*, which svas termed thermosrabilization (stabilized 
by heat) by the conference which received the announcement. This process 
accomplishes the following important objeaives in egg marketing: (1) 
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Fig. 176. Modern egg-bretrling plont in operotion. 
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Grading lEggs 

Proposed government standards for eggs. The Produaion and Afarkec- 
ing Administration has proposed standards and grades for eggs. (Table 83). 
For a number of years a uniform grading system using government standards 
and grades for eggs has been advocated by the United States Department of 
Agriculture and other disinterested agencies. The industry has been slow to 
adopt these grades because the larger handlers of eggs have their own private 
trade names and grades which might be overshadowed by the government 
grades and therefore lose their advertising value. 

Egg grades used in the industry. There is much confusion in the grad- 
ing of eggs because there is little uniformity in the system of grading. All 
large packing organizations as well as retail organizations have their own 
grades, usually clothed in terms which without clarification give the consumer 


Table 83 


SUMMARY OF UNITED STATES STANDARDS FOR QUALITY OF INDIVIDUAL 

SHELL ECGS (1955) 



SrecirtcATios* rot Each QvAirrr Factok 

F4cro« 

AA 

Quitity 

A 

Ouilitr 

B 

Quality 

c 

Quality 

SheU 

Oeia: uobrekes; 
pricticAllr 
normit 

CleAs; unbroken: 
prActicellr 
normal 

Unbroken; nay by 
•lightly nbeomal. may 
abow alight ttaiei. but 
no adherisg dirt 

Unbroken and may be ab* 
normal (in ahape) and 
may have alight to mod- 
erate atained areal cov- 
ering not over i of the 
lurface of the ihcll, but 
BO adhering dirt. 

Air Cell 

One-eighth inch 
or le»j in depth; 
practicAlly 

Two-cighti ioch 
or leii <n depth; 
practically 

Three-eight! inch or le»» 
io depth, may ihow uo* 
limited movemeBt, and 
may be free bur not 
bubbly 

May be over ihree-eighli 
inch in depth and be free 
or bubbly 

White 

Gear; firm 

Clear; maybe rea- 
tooably firm 

Clear; may be (lightly 

weak 

The white may be weak 
and watery ao that the 
yolk may appear off- 
center and It! outline 
plainly viiible when the 
egg ii twirled before the 
caodliog light 

Yolk 

Well eentered oot- 
hne tiirhtlr de- 
fined. free Irom 
defect! 

May be fairly well 
centered; ooclloe 
may be fairly 
well defined, 
practically free 
from defect! 

May beoff<eBtrT with iti 
outline well defined 
when the egg « twirled 
twfore the candling 
light, may appear 
•lightly enlarg^ or 
•lightly flattened and 
may *how other defi. 
mte but not aeriou! 
defect* 

May appear dark, enlarged 
and fiatleoed and may 
•how cfearfy germ de- 
velopment. but oo blond 
dae to luch devekat^ 
meet. Small blood cfeti 
and tpoti may be 
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but little if any idea of the quality of the eggs designated by the different 
grades. 

A glance at the price quotation on eggs in the central markets shows that 
each market has a different set of grades. The adoption of a uniform 
for grading eggs would be of great benefit to the industry. Slight modifica- 
tions to fit local conditions may be necessary in a country as large and diverse 
in climatic conditions as the United States. 

Market definitions. Benjamin and Pierce give the following definitions 
for market terms applied to eggs: 

Fresh. Fresh eggs are those which have not been held or delayed in their 
movement to market so as to make it necessary to distinguish them as re- 
frigerator” in accordance with the definitions given below. 

Hennery. Hennery eggs are so-called because they originate on farms where 
special attention is given to poultry. From such farms the eggs move to 
market with reasonable promptness. 

Storage packed. Eggs ate said to be "storage packed” when they have been 
packed especially for storage. The ordinary method for this packing is 
sort out small, checked, and washed eggs, and to place the good ones in new 
cases and fillets of the kind prescribed by trade specifications. 

Held. As generally understood by the trade, eggs are said to be "held” when 
they have been delayed in their movement to market sufficiently so 
are of distin«ly lower quality than fresh (lower than U. S. Grade 
have not been held under refrigeration long enough to be labeled cold 
storage” or "refrigeracor.” 

Current receipt. Unsotted lots including smaU, checked, and dirty eggs 
and tots, just as they ate purchased from the farmer, are called "curreo^ 
receipts. ' 

Retmdied current receipt. I( die current receipts have been sotted, tai 
those of poorest qualities removed, they ate said to be rehandled cuticnl 
receipts, ^ose grading" or "slight grading" mean the same thing. 

Rehandled and repacked current receipt. This term indicates that the eggs 
have been repacked in new or standard cases and fiUets, in addition to the 
rehandling. 

GraM.Eggp which have been soned closely ate tefetted to as gtad^ 
eggs. The debtee of sotting must be further explained in order to make the 
meaning sufficiently cleat to a prospective buyer 

These‘*3‘h"'l,^l‘ I”’-'”" "imdergrades. 

These may be checks, duties, seconds, and the like. 

Packing Eggs 

duSr^”wh' “ “ Ktablishment in the surplus pro- 

Sfd, “a »nd affiliated dealeis. 

Containers used for eggs. The standard container for eggs is the thittj- 



Ftg. 177< Contolnvr* for marketing eggs. Upper left, frozen eggs (In foregrouttd) being loaded 
in refrlgerotor cor. (Courtesy Henderson Produce Company.) Upper right, egg coses mode of 
wood and fiberboord for shipping eggs, lower, egg cartons for retolling eggs. 

dozen wooden case. Both fifteen-dozen and thirt)’-dozen fiberboord cases are 
being used but they have not as yet been adopted generally (Fig. 177). Dur- 
ing recent years egg case liners have been introduced into rbe trade. These 
liners arc made of ts^*© layers of heavy kraft paper berv-'cen which there is a 
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thin layer of asphalt. Such liners redua evaporation and minimize the loss 
of carbon dioxide from the eggs and thereby help maintain the origins 
quality of the eggs. 

Fillers and flats for egg cases have been improved; less breakage 
in transit now than formerly because better packing materials are availabe 
for packaging eggs. The cup flat or the embossed flat and the honeycom 
filler make a firm pack. The filler>flat makes an even more rigid pack an 
reduces breakage and jarring. The plain fiat and excelsior pads which 
once universally used are gradually disappearing from the trade. 

Eggs are retailed either in cartons or as loose eggs in paper bags. Egg <^' 
tons for twelve eggs or six eggs are becoming the standard container in the 
retail trade. Their convenience more than offsets their cost. 

Many labor-saving devices for cartoning eggs are used. Special lifters 
175) may be used in transferring eggs from cases to cartons. Automatic cu 
chines for closing cartons and wrapping them in cellophane are sometimes 
used. 


Transportation of Eggs 

■With an annual produaton of more than 5 billion dozen eggs in the 
United States the volume of eggs that must be transported through the 
channels of trade becomes very large. Most of the shell eggs ate now 
trampotted by truck, reducing considerably the time between production 
and consumption. Frozen eggs must be handled at lower temperature than 
shell eggs and, therefore, must be transported in refrigerated railroad cats or 
trucks with below.freezing temperatures. During warm weather many of the 
trucks used for transporting fresh eggs ate refrigerated. 

Many agencies use refrigerated trucks when picking up eggs at fan®- 


Egg Prices 

The price of eggs is determined by the supply of eggs of different qualj' 
ties and the demand for such eggs The price of eggs tends to move w>'> 
the general price level. The price of eggs b aUo related to the price of feo 
u zepresents the greater part of the cost of producing egg 
me purchasing power of eggs in terms of feed tends to move in nor® 
tu^ in a cycle of about three years' duration 

Oaoberiir^ 'SSa varies seasonally, with the peak prices being reached i 


Merchandising Eggs 

and^L'”cons™m'lV“ “ncetn to both the prodo 

prtltr wdUeleive'S J 

u the ronsumer probably pay more than tl 
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Fig. 178. Egg pricei in Ohio, 1950-1954. 


should for eggs. Eggs are marketed directly by the producer, by established 
private marketing agencies, and by co-operatives. 

Direct marketing. While the total volume of eggs sold by the producer 
direaly to the consumer is relatively small and very likely decreasing, to in- 
dividuals who have a suitable location this method has proved to be a profit- 
able way of selling eggs. As society has become more specialized in America 
and the consumers of the cities have lost contact with producers, specialized 
marketing agencies have arisen which can perform the services of marketing 
more efficiently and more economically than can the producer. 

Regular egg-marketing system. Ihe great volume of eggs marketed in 
the United States is handled by private marketing agencies. These eggs are 
usually delivered by the producers to local buyers or small stores where eggs 
are purchased. The eggs bought by the stores are sold to local buyers who are 
affiliated with a concentration or packing plant. The eggs are generally 
picked up at the buying stations by trucks which are operated by the packing 
plants. In the packing plants the eggs are candled, graded, cased, cooled, 
and shipped by truck or rail to the wholesalers located in the large consum- 
ing centers. The packing plant may be owned by or affiliated with the 
wholesale organization which handles the sales to jobbers and retailers. 
Briefly this is the route taken by most eggs marketed in the United States. 
Oir-lot packers of eggs and poultry are located primarily in the Middle Wesr, 
where large surpluses of eggs are produced. In 1939, Iowa had 118 of these 
plants, Missouri 77, and Illinois 50. Produaion areas near the consuming 
centers and deficit egg-producing areas do not have these car-lot shippers of 
eggs and pouftrj'. 

Private marketing agencies have been responsive to the needs of the in- 
dustry and have been, on the whole, progressive— -because the industry is 
competitive. 
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Co-operative marketing of eggs. The origin and development of cfr 
operatives for marketing eggs would indicate that the producers have not a 
ways been satisfied with the marketing system available for their ® . 
that they have tried to improve their lot by co-operation. The gro 
success of some of these co-operatives is evidence that they have sue 
The most notable of these co-operatives is the Pacific Egg Producers 
operative, Inc. This organization has been, in New York and other caste 
cities, highly successful in marketing high-quality, white-shelled eggs ptt>' 
duced on the Pacific Coast. Earl Benjamin, General Manager and Treasurer 
of this co-operative, who Is located in New York, has enumerated their attain 
ments as follows: 

During the fourteen years of P.E.P.‘s operations the varied benefits of ci> 
oj^raiion have been demonstrated in a practical way. Among the prinapaj a 
tainments are improved quality of eggs delivered by the members, parucular J 
as regards such factors as freshness, infertility and uniform flavor; more utu 
form grading; developing new and better outlets for the various grades of 
and poultry; larger centralized volume, bringing about lower costs; econonu® 
in shipping due to heavier loading; improved packages; new methods of hao t*S 
eggs and poultry such as "proteaing,” sand-cleaning, and packing in linod 
or boxes; careful studying of conditions to determine the proper price Ic^®* 
the product (use is made of an auction at certain seasons, to aid in deteitww 5 
the correct price level); and randnuance of technical and economic research t 
order to bring about a constant Improvement of methods. 

From this list of achievements it b evident that the co-operative has been 
progressive and has pioneered in improving egg marketing. Unless the 
operatives can render such economic services, their existence cannot be jus® 
fied. 


'Die hEssouri Farmers Association, a more general type of co-operative 
which originated in a general farming region, has developed into one of me 
Urgest handlers of e^ and poultry in the United States. At Springc^^ 
Missouri, they maintain one of the largest and most modern poultry- and egg- 
packing plants in the world. Thb cooperative organization handles feed, ter- 
tillers, groceries, and other oimmodities through their local exchanges. 

More than twenty co-opetative egg auctions have been estabUshed in 
^st. T^ese auaions have provided an outlet for high-quality eggs from reU' 
iiv^ large producers and a source of good eggs for dealers and retailers lO" 
cated m the nearby cuiea. The anctiom providVa trading place for 
and dealers at a minimum cost. Those auaions which have been most success- 
ful have been located m commercialized producing areas and near large con- 
suming centers. ° 

shSiln'ro”? “ InJinnn have developed the 
to his n? t producer maintains the identity of his eggs and sells 

Le £ ' ab^ r I” 2? shipping iointly. thS ptedneets 

Consume ^ appreciable savings on transportation costs. 

rei^eS? denutnds for eggs.^nce egg prices are 

termmed by the demand lor and dic supply of e^ of the df eient grades, « 
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behooves the producers to know the consumers' demands for eggs and their 
buying habits. The producer must also know the demands of the dealers 
through whom they reach the consumer. 

Several Interesting studies of consumer preferences for eggs have been 
made. It should be noted that a preference expresses merely a desire, but it is 
not a demand since demand is a preference plus a purchase at a price. The 
poultry industry needs scientific demand studies which will measure the de- 
mand for various grades of eggs and poultry under different environmental 
and competitive conditions. The buying habits of consumers also need to be 
more fully understood by producers and marketing agencies. 

The consumer preference studies which have been made indicate that in 
some cities consumers prefer eggs with white shells and in others they prefer 
brown-shelled eggs. These preferences are based upon the belief that shell 
color and interior quality ate related. Consumers in the principal markets are 
about equally divided as to their preference for yolk color. It is doubtful if 
the consumers would pay any appreciable amount more for eggs with either 
white or brown shells merely because of shell color, or for eggs with yolks of 
different shades of yellow as long as the egg yolks appear edible and uniform 
in color. Since the dealers refiea the demand of the consumers to the pro- 
ducers it is necessary for the producers to cater to the dealer demand. This 
demand refiects not only the total demand for eggs of different qualities but 
it refiects a protective demand against any eggs which may cause complaints. 
The idea has developed in some markets that eggs which have light yellow- 
colored yolks are preferred to those which have dark-colored yolks. If the 
dealers can avoid complaints by supplying eggs with yolks which do not 
arouse suspicion, though the suspicion be bas^ on erroneous assumptions, 
they will quite naturally do so. A dissatisfied customer can arouse more dealer 
demand than one hundred satisfied customers. 

Creating new demands foe eggs. If the per capita produaion of poultry 
and eggs in the United States continues to Inoease, one of the future problems 
of the poultry industry will be the stimulation of a greater demand for eggs 
and poultry. Before much can be accomplished along this line, research work 
will be needed for determining the demand by the various income groups 
for the different grades of these products. The producer and marketing 
agencies must satisfy the consumers (Kg. 179). 

That there are untapped markets for eggs in the United States among the 
lower income groups is indicated by the response of consumers in these 
groups to the Food Stamp Plan of the Federal Surplus Commodities Corpora- 
tion. Table 84 gives the uses to which these consumers applied their increased 
income in the purchase of surplus commodities. These preliminar)’ studies 
indicated that of the surplus commodities available in Rochester, Dayton, 
Seattle, and Shawnee, from May 16 to August 26, 1939, eggs and butter 
were the two commodities in greatest demand, approximately 50 per cent 
of the food stamps being used to purchase these products. 

A well-established grading s)-stcm probably would stimubte the demand 
for eggs. The adoption of a uniform grading sj'stcm throughout the United 
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&5G QU&UTY 

TASTE OF THE EGG 

ABSENCE OF BLOOD SPOTS 

TOLK DOES NOT BREAK 
WHEN EGG 15 OPENED 

A THICK WHITE 

A CLEAN SHELL 



lUPORTANT EgKffg 

UNoectocD 


NOT IMPORTAHT 


Fig. 179. CoBj«iw*f pr«f*r«nc« far diffareni qoolHia* *f (WoiMogtan Agr. E*p<. S*®-* 
B«>. SU.) 


States would educate the coosumers to the qualities of the different grades 
and give them confidence in their purchases. The removal of uncertainty’ in 
egg quality should stimulate the demand for eggs. Making available to the 
consumers eggs of various grades with proper price differentials would pro- 
vide eggs for the various income groups at prices which they could afford to 
pay. (Fig. 180.) To offer consumers eggs at only the hipest prevailing prices 
wUl eliminate many purchasers and therefore reduce the consumption of eggs. 
The adoption of a umform grading system with suitable price differentials 
would no doubt be helpful in increasing the total demand for eggs. 

International Egg Trade 

The exchange of eggs and egg products between the various nations is quite 
general, as is indicated by the fact that importing nations such as Germany 
and Great Britain in normal years each import eggs from more than thirty 
different nations. The exports from the United States have been primarily 
shell eggs shipped to bfezico and the other Latin American countries. They 
have ncs'er reached 1.5 per cent of our total production in normal times. The 
egg imports received in the United States have been priactpally dried- and 
frozen-egg products from China. They have never reached 2 per cenr of ixir 



Marketing Eggs 


429 



Pig. 180. Eggt Qtlraclively dUpisyed in a refrigerated cate. 


total production. The disruption of trade in China since 1937 by the war has 
greatly reduced the produaion and exportation of such products. The Ameri* 
can dried- and froren-egg industries have benefited by the decrease in imports 
of these products and the dried-egg industry has been re«tablished in the 
United States. 

S4 

COMMODITIES PURCHASED WITH BLUE STAMPS ISSUED 
BY THE FEDERAL SURPLUS COMMODITIES CORPORi\TION, 

WAY 16 TO AUGUST 26, 1939 

Perceni*w of Total 


Commodicr Purthaaet 

Eggs 24.7 

Butter 23.4 

Flour 10.1 

Com meal 2.2 

Rice 2.4 

Dry beans 3.8 

Dried prunes 2.2 

Fresh fruits 12.0 

Fresh vegetables 19.2 


100.0 
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EGS QUAUTY 

TASTE OF THE EGG 

ABSENCE OF BLOOD SPOTS 

YOLK DOES NOT BREAK 
WHEN EGG IS OPENED 

A THICK WHITE 

A CLEAN SHELL 



VERY tMRORTANT 

lUPORTAVr BHggfla 
UNDECIDED \ 

NOT IMPORTANT t 


Fig. 179. Consumer preference for different qwolUIet ef egg*. (WosMngton Agr. Expf. 
But. 556.) 


States would educate the consumers to the qualities of the different grades 
and give them confidence in their purchases. The removal of uncertainty in 
egg quality should stimulate the demand for eggs. Making available to the 
consumers eggs of various grades with proper price differentials would pro- 
vide eggs for the various income groups at prices whidi they could afford to 
pay. (Fig. 180.) To offer consumers eggs at only the highest prevailing prios 
will eliminate many purchasers and therefore reduce the consumption of eggs. 
The adoption of a uniform grading system with suitable price differentials 
would no doubt be helpful in increasing the total demand for eggs. 

International £gg Trade 

The exchange of eggs and egg products between the various nations is quite 
general, as is indicated by the fact that importing nations such as Germany 
and Great Britain in normal years each import eggs from more than thirty 
different nations. The exports from the United States have been primarily 
shell eggs shipped to Mexico and the other Latin American countries. They 
have never reached 1.5 per cent of our total production in normal times. The 
egg imports received in the United States have been principally dried- and 
froaen-egg products from China. They have never reached 2 per cent of our 
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FSg. 180 . Egg} aHra«)iv«ly dhployed in o refngerettd cow. 


total production. The disruption of trade in China since 1937 by the war has 
greatly reduced the production and exportation of such products. The Ameri- 
can dried- and frozen-egg industries have benehted by the deaease in imports 
of these products and the dcled-egg industry has been reestablished in the 
United States. 

Table S4 

CO.trJfODTTIES PURCIIASEO tVJTII BLUE STAMPS ISSUED 
BY THE FEDERAL SURPLUS COMMODITIES CORPORATION, 

MAY 16 TO AUGUST 26, 1939 

Percent*»e of Total 


Commodity Purctixaei 

Eggs 24.7 

Butter 23.4 

Flour 10.1 

Com meal 2.2 

Rice 2.4 

Drj’ beans 3.8 

Dried prunes 2.2 

Fresh fruits - 12.0 

Fresh vegetables 19.2 


100.0 
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There has been considerable agitation by producers and distributors in the 
United States for more adequate proteaion against the importation of shell 
eggs and egg products, particularly when egg prices in this country are high 
enough so that the importers can pay the import tax. 

Tlie United States tariff rates on eggs made effective in 1948; shell eggs, 
five cents per dozen; frozen eggs, seven cents per pound; and dried eggs, 17 
cents per pound. 

The total imports of eggs into the United States are usually less than tv.o 
per cent of the total production of this country. This volume, added to sur- 
pluses which sometimes exist, no doubt exerts a depressing effect on prices 
of the domestic products, although no greater than an expansion of the do- 
mestic production by an equivalent amotint. 

Industrial Uses for Eggs 

In recent years the term "chemurgy" has appeared in the discussion of the 
farm problem, particularly as related to surpluses of farm products. This term 
applies to the science of developing industrial uses for agricultural products 
and thereby reducing surpluses by diverting some of these products from 
human food uses to industrial uses. There are certain industrial uses for eggs 
and egg products which are receiving inaeasing anention. (See Otapter 
One.) 

Recently, considerable progress has been made in the use of fertile eggs 
for preparing vaccines. The virus which causes sleeping sickness in horses is 
now grown almost exclusively on live chick embryos and vaccines developed 
in this manner are very effectively preventing this disease. 

It has been demonstrated that the virus for fowl pox and also for laryn- 
gotracheitis can be grown on chid: embryos and effective vaccines for these 
diseases can be developed by thb method. It is highly probable that the egg, 
because of economic and sanitary advantages, will bWome important in the 
development of immunizing agents for die diseases of h uma ns as well as 
farm animals. Already millions of eggs are being used in this new field. 

There is ako experimental evidence that the egg may become an important 
agent for the study of disease, serving as a medium in which disease organ- 
isms may be grown and studied. 

REVIEW QUESTIONS 

1. Where are the surplus egg-produdng areas of the United States located? 

2. Show graphically die seasonal marketing of eggs and poultry. 

3. Name the essential marketing services in marketing eggs and poultry. 

4. Name the methods used in determining egg quality. 

5. Can the color of egg yolks be conuoUed? 

6. Explain how the vitamin content of eggs may be influenced. 

7. What is the origin of "meat spots" in eggs? 

8. list in the order of importance the environmental factors which affect egg 
quality during the summer months; the fall months. 
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9. List the essentials of a county or stare quali^ egg program. 

10. How should soiled shell eggs be marketed? 

11. What effea does shell treatment have on die pH of the shell egg? 

12. Why are eggs broken and frozen? 

13. Is the dried-egg industry of the United States now increasing or decreasing? 
Why? 

14. Name the U. S. D. A. egg grades. Describe each. 

15. Show graphically the seasonal variation in egg prices. 

16. Where have egg auctions developed? Why? 

17. How does an increase in consumer income affect the consumption of eggs? 

18. What effea would a uniform grading system for eggs have on egg con- 
sumption? 

19. Discuss the international egg trade of the United States. 

20. What are some of the more important industrial uses for eggs? 
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Marketing Poultry 


The marketing of poultry in suitable forms for satisfying all market re- 
quirements is a major problem and one which is of vital concern to the 
producer as well as to the consumer. Great strides have been made in de- 
veloping a suitable system for marketing poultry in the United States. No 
other nation has made such rapid progress in this field. The development of 
special railroad cars and motor trucks has revolutionized the shipping of live 
poultry. The establishment of large packing plants in the Middle West, where 
millions of pounds of dressed poultry are prepared, is peculiar to the poultry 
industry of the United States. The use of machinery in the killing and dress- 
ing of poultry has reduced not only the labor involved but has improved the 
quality of the poultry packed. Modern refrigeration is essential to the market- 
ing of high-quality poultry, and miltlons of dollars have been invested in re- 
frigeration equipment and cold-storage warehouses for preserving rbe quality 
of dressed poultry. 

Inefficient marketing methods may penalize the producer with lower prices 
and the consumer with an inferior product. The development of better meth- 
ods of marketing will benefit both producer and consumer. Reluctance on the 
parr of marketing agencies to adopt improved methods may initiate producer 
or consumer cooperatives. The marketing agencies of the future will be those 
that render the marketing services in the most efficient manner and at the 
least cost for the services given. 

Uve Poultry 

Producers prefer to sell Uve poultry because they are neither trained nor 
equipped to do the dressing. Therefore the killing and dressing are done 
usually after poultry leaves the farm. Since there are special demands for live 
poultry in the cities, large quantities of such poultry are transported from the 
eastern and middle western srates to these markets (Fig. 181). 

Seasonal production. Most of the poultry meat produced is the by-produCT 
of egg production, coming from the cockerels which were the hatch mates of 
pullets intended for layers and also from the discarded layers. Since most 
chicks are started in the spring and mature in the fall and most culling of 
laying flocks is done in the fall, receipts of poultry are greatest during the fall 
435 
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Fig. 181. Surplus and deficit tialct in chicken production, 1953 and 1950. (U. S. D. A., Agri* 
culturol Marketing Service.) 

months. Turkeys also increase the receipts during the fall. The purchase of 
more early and sexed chicks and year round broiler production are tending 
to result in more uniform meat produaion throughout the year. 

Care. Live poultry should be handled carefully while being moved to mar* 
ket. Heavy mortality and losses in quality frequently result from rough han- 
dling and failure to protect the birds against unfavorable weather conditions. 
The birds should be pcoteaed against rain or snow in cold weather and against 
heat during the summer. Birds exposed to drafts while in uansit often de- 
velop colds when placed in the feeing stations and therefore lose weight. 

Coops. The coops used for marketing live poultry are usually made of 
wood. They are purchased from poultry equipment houses. Producers should 
be very careful about bringing contaminated coops on their premises and 
thereby introducing disease in their flocks. There is a temptation to use coops 
many times and often until they become contaminated with disease. The 
spread of poultry diseases could be reduced if coops were never moved from 
farm to farm or from the poultry markets back to the farm. Steel coops which 
can be disinfected easily ate gaining favor. The general use of a one-way coop 
which could be destroyed instead of returning it to the farm would help pre- 
vent the spread of poultry diseases. 

Transportation 

Live poultry moves from the farm to the local market mainly by truck or 
automobile. That which is shipped Jong distances by the producer is often 
sent by truck or railway express. Poultry dealers ship in large quantities by 
truck Of special live-poultry cars. (Fig. 182.) 

Large quantities of live poultry going m New York and other eastern cities 
come from the Middle West and ate shipped by freight in live-poultry cars 




Ftg. 182. Tronip«rloitoR of live poultry. From top to bottom: pielcup truck used by receiving 
ttotlon ((/. S. D. A.); early live poultry cor (U. S. O. A.|; live poultry truck (R. M. Smith, Uni- 
vertity ol Atkontot); modern live poultry cors (U. S. D. A.). 


or b}’ h‘ve>poultrj' trticks. >(any of these shipments originate in plants where 
dressing facilities are not available, and therefore the birds must be sold as 
live poultry. In plants where dressing is done, only vigorous birds, winch are 
tn condition to make the trip, should be sclcaed for shipmenr. 
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Market classes of poultry. Market terms are often confusing to the 
producers because words which have certain general meanings have in some 
cases been given specific, and what may appear to be illogical, meaning by 
market men. The breed name Leghorn is used to designate all small birds, 
while "colored" is used to indicate medium and heavy breeds even though 
they are white. Plymouth Rock refers to Barred Rocks, and the term "black 
is used to designate chidtens which have blade or greenish-black shanks. 

The U. S. Department of Agriculture, Agricultural Marketing Service pub- 
lished the following descriptions of market classes of poultry in the Federal 
Register, March 1, 1955: 
a. Chickens 

1. Broilers and fryers: Young chickens of either sea (usually under sixteen 
weeks of age), tender-meated, with soft, pliable, smooth-textured skin, 
and flexible breastbone cartilage. 

2. Roasters: Young chickens of either sex (usually under eight months of 
age), tender-meated, with soft, pliable, smooth-textured skin. Breastbone 
cartilage somewhat less flexible than in broilers and fryers. 

3. Capons: Unsexed mate chickens (usually under ten months of age), 
tender-meated. with soft, pliable, smooth-textured skin. 

4. Stags: Male chickens (usually under ten months of age) with somewhat 
toughened and darkened flesh, coarse skin, and considerable hardemog of 
the breastbone cartilage. Stags show a condition of fleshing and maturity 
intermediate between chat of roasters and cocks. 

3. Hens, stewing chickens, fowl: Mature female chickens (usually mote 
than ten months old) with meat less tender than a roaster, and with a 
nonflexible breastbone. 

6. Cocks (old roosters). Mature male chickens with toughened and dark- 
ened meat, hardened breastbone, and coarse skitL 
b. Turkeys 

1. Fryers or roasters: Young turkeys of either sex (usually under sixteen 
weeks of age), tender-meated, with soft, pliable, smooth-textured skin, and 
flexible breastbone cartilage. 

2. Young hen turkeys: Young female turkeys (usually under eight months 
of age), tender-meated, with soft, pliable, smooth-textured skin, and flex- 
ible breastbone cartilage. 

3. Young tom turkeys: Young male turkeys (usually under eight months 
of age), tender-meated, with soft, pliable, smooth-textured skin, and flex- 
ible breastbone canilage. 

4. Hen mrkeys: Mamre female turkeys (usually over ten months of age), 
with toughened flesh and hardened breastbone. May have coarse or dry 
skin and patchy areas of surface fat. 

5. Tom turkeys: Mature male turkeys (usually over ten months of age), 
with toughened flesh, coarse skin, and harden^ breastbone. 

c Ducks , 

1. Broiler and fryer ducklings: Young ducklings of either sex (usually 
under eight weeks of age), tender-meated and with soft bills and wind- 
pipes. 

2 Roaster duckling: Young ducks of either sex (usually under sixteen 
weeks of age), tender-meated, and with bilb not completely hardened 
and easily dented windpipes. 
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3. Mature (old) ducks: Mature ducJs of either sex (usually over six months 
of age), with toughened flesh, hardened bills, and hardened windpipes. 

d. Geese 

1 . Young geese: Young geese of either sex, tender-meated and with easily 
dented windpipes. 

2. Mature (old) geese: Mature geese of either sex, with toughened flesh 
and hardened windpipes. 

e. Guineas 

1. Young guineas: Young guineas of either sex, and tender-meated. 

2. Mature (old) guineas: Mature guineas of either sex, with somewhat tough- 
ened flesh. 

f. Pigeons 

1. Squabs: Young, immature pigeons of either sex, extra tender-meated, that 
have not flown. 

2. Pigeons: Mature pigeons of either sex, with toughened flesh and coarse 
skin. 

Marketing direct, “nie sale of live poultry to the consumer by the pro- 
ducer has been decreasing. However, the development of roadside markets 
by poultrymen suitably located has proved profitable in many cases. Direct 
sales usually net the producer better prices and effect a saving for the con- 
sumer. Direct marketing of live poultry may be expeaed to decline except 
for those poultrymen who can establish successful roadside markets. 

Commission merchants. Live poultry commission merchants aa as selling 
agents for the shippers, charging from 4 to 5 per cent of the sale price for 
their services. They may specialize in car-lot shipments, in products from 
certain seaions, or in certain classes of live or dressed poultry (fowl, roasters, 
turkeys, ere.). 

Truckers or hucksters. In some seaions hucksters collea considerable 
quantities of live poultry and truck the birds to the city markets. Hucksters 
may sell to the city dealers or direct to retailers and consumers. 

jobbers. The receivers known as jobbers purchase live poultry from the 
shippers and sell it on their own account. 

Slaughterhouse operators. Live poultry marketed in the large cities is 
killed and it also may be dressed in the slaughterhouses. They keep a supply 
of live poultry on hand from which purchasers may selea the birds they 
desire. 

Retail markets. The live poultry which is marketed in the larger cities 
may be retailed through slaughterhouses, chicken stores, chicken stands in 
public markets, or butcher shops. 

Demand for live poultry'. The demand for live poultry is decreasing even 
in such cities as New York, where there is a large Jewish population. Con- 
sumers are being educated to use dressed poultry and American-born Jews 
apparently arc discarding some of the more orthodox views of their ancestors 
relative to food. 

Kosher poultry. The Hebrew' religion requires that only poultry meeting 
specified requirements, and killed in accordance with the Hebrew laws under 
the super\'ision of the rabbi, shall be used for Jewish consumption. The rep- 
resentative of the rabbi w-ho does kosher killing is called a “schochet.’* Re- 
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cently in New York City a metal leg band called a "plumba” has been requited 
on poultrj' to show that it has met the Hebrew dietary laws. A Jewish or^- 
zation maintains a representative where poultry is being kosher killed to ^ 
the kosher poultry with "plumbas “ charging one cent per bird. Extra market- 
ing costs imposed by these regulations serve to still further handicap a 
diminishing live-poultry trade. 

Hebrew holidays. The demand for live poult^ is greatest during the Jew- 
ish holidays, principal of which are the Passover in the spring and the Day of 
Atonement in the fall 

Standards and grades for live poultry. The following U. S. standards 
and grades for live poultry became effeaive March 1, 1955: 

Standards of quality — (1) A Quality or No. I Quality. To be of A (Juality 
or No. 1 Quality the live bird; 

(i) Is alert, has bright eyes, and is of good health and vigor. 

(ii) 1$ well feathered, with feathers showing luster or sheen and quite 
thoroughly covering all parts of the body; however, there may be a slight scatter- 
ing of pinfeathers. 

(iii) Is of normal physical conformation except that it may have a slightly 
curved breastbone or other slight abnormality in the shape of the breastbone 
which does not interfere with the normal distribution of the £esh. The bird may 
also have a slighdy curved back. There may be a dent in the breastbone which 
docs not exceed Vs inch in depth except that for turkeys the depth does not 
exceed V4 Inch. 

(iv) Has a well developed, moderately broad and long breast that is well- 
fleshed throughout its entire length; and the thighs and back are well covered 
with flesh according to the age and sex of the bird. 

(v) Has the breast, back, hips, and pin bones well covered with fat, excepr 
that a fryer (whether chicken or nirkey) and a young tom turkey may have only 
a moderate amount of fat covering these parts, and a hen, stewing chicken, or 
fowl does not have excessive abdominal fat. 

(vi) Is free from tears and broken bones; however, it ma y have slight 
saatches, slight skin bruises, and slight callouses (i-e., slightly thickened, hard- 
ened. and darkened areas of skin over the breastbone), if these conditions do 
not materially allea the appearance of the bird, especially the breast. It may also 
have slightly scaly shanks. 

(2) B Quality or No. 2 Quality. To be of B (Quality or No. 2 Quality the 
live bird: 

(i) Is of good health and vigor. 

(ii) 1$ fairly well feathered (ie., some feathers may be lacking on some 
parts of the body); hos^cver, there nuy be a moderate number of pinfeathers. 

(iii) Is of normal ph)sic3l conformation except that it may have a slightly 
crooked breastbone which does not seriously interfere with the normal distribu- 
tion of the flesh. It may also have a moderately crooked back and slightly mis- 
shapen legs and wings. 

(iv) Is fairly «ell fleshed in relation to length and depth of body, with all 
parts fairly well covered with flesh aoording to the age and sex of the bird- 



441 


Marketing Poultry 

(v) Has suffident coverage of fat on breast and legs to prevent a disunct 
appearance of the flesh through the skin; however, a hen, stewing chicken, or 
fowl may have excessive abdominal fat. 

(vi) Is free from tears, broken bones, severe breast blisters, heavy callouses 
(i.e., thickened, hardened, and darkened areas of skin over the breastbone) and 
seriously scaly shanks; however, it may have moderate skin bruises and slight 
flesh bruises. 

(3) C Quality or No. 3 Quality. A live bird that does not meet the require- 
ments of B Quality or No. 2 Quality may be of C Quality or No. 3 Quality and 
such bird may: 

(1) Be lacking in vigor. 

(ii) Have a large number of pinfeathers over all parts of its body and com- 
plete lack of plumage feathers on the back. 

(iii) Have definite deformities (including, but not being limited to, a crooked 
breastbone, hunchback, and slight aippling). 

(iv) Have a poorly developed, narrow breast and thin covering of flesh over 
all parts of its body. 

(v) Have only a small amount of fat in the feather tracts and is completely 
lacking in fat on back and thighs; and 

(vi) Have skin bruises, small or moderate flesh bruises, and severe breast 
blisters; however, it has no broken bones. 

The term "Reject" is not a standard of quality within the purview of this 
section; however, such term may be used with respeo to an individual live bird 
to indicate that it is aflecied by, or shows evidence of, any disease or condition 
(including, but not being limited to, large flesh bruises, severe discolorations, 
severe injury, and emaciation) which may render the bird unfit for human food. 

Grades. — (1) U. S. Grade A or V. S. No. I. Any lot of live poultry may be 
designated as U. S. Grade A or U. S. No. I if at least 90 per cent, by count, of 
the birds arc of A Quality or No. I Quality and the remainder are of B Quality 
or No. 2 Quality. 

( 2 ) U. S. Grade B or U. S. No. 2. Any lot of live poultry may be designated 
as U. S. Grade B or V. S. No. 2 if at least 90 per cent, by count, of the birds are 
of B Quality’ or No. 2 Quality, or better, and the remainder are of C Quality, or 
No. 3 Quality. 

( 3 ) U. S. Grade C or U. S. No. 3. Any lot of live poultty may be designated 
as U. S. Grade C or U. S. No. 3 if it consists of birds of not less than C Quality 
or No. 3 Quality’. 

The term "No Grade" is not a grade within the meaning of this seaion. Such 
term may be applied to any lot of live poultry if such lot contains any birds of 
less than C Quality or No. 3 Quality or has not been graded in accordance with 
this section. 

Market inspection and regulation. Tlie United States Department of 
Agriculture provides inspectors in the principal live-poultry markets. The 
Inspeaors examine the poultr)* for the amount of feed in the crops. If the 
birds in a car have an average of two ounces or more of feed in their crops 
thej’ cannot be unloaded on the day of inspection. Tliese inspectors examine 
the birds for disease and supervise the disposal of dead and diseased birds. 



fig. 183. Dittribulion «f lti« cenMfn«r‘t dollor spent for ebieken. 

The Hve-pouhry industry in some of die larger markets, notably New York 
City, has b«n subjea to rackets, combines in restraint of trade, and other 
abuses. Under the Packers and Stockyard Act, the federal government has 
been given authority to regubte these markets. The Secretary of Agriculture 
has placed several markets under federal supervision, and tt is hoped that 
proper regulation will correct the abuses which have arisen. 

Improving the quality of market poultry. Any observer of live poultry 
received at the markets will find a wide variation in the quality of such poul- 
try, with much of It definitely inferior. It is not likely that much progress can 
be made in improving the market quality of poultry as long as those who pro- 
duce poultry are paid the same price per pound for grade A poultry as lor 
grade C poultry The faaors which determine quality are complex, and im- 
provement in cjiuHty will be slow; but the first requisite is an economic 
moti\e which graded buying with suitable price differentials would provide- 
The quality of market poultry can be improved by the seleaion of more 
suitable strai^of poultry, by breeding for desirable market charaaers, by 
using v-ell-^fanced rations, by controlling diseases and parasites, and by fol- 
lowing Oil 'f good management practices. 

Costs 4* marketing poultry. The goal of the marketing agencies that 
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handle poultry and eggs should be to render efficient marketing services at 
minimum costs consistent with sound business finances. 

Figure 183 shows that the retail cost of handling poultry is the most ex- 
pensive part of the marketing process; in 1939 it cost 19.1 cents of the con- 
sumer’s dollar spent for chickens. Table 85 shows that farmers in 1945 re- 
ceived 68 cents out of the consumer’s dollar spent for poultry, but by 1947 
the farmer’s share had declined to 57 cents. This was due principally to the 
decline in prices. When prices are high, farmers receive a higher percentage 
of the consumer’s dollar than when prices are low. 

The cost per pound of marketing live poultry shipped from the Middle 
West to New York City was estimated in 1938 by the Consumers Service 
Division, Department of Markets, New York City to be as follows: 


Price paid the farmer 17.000 cents 

County agent or buyer 1.000 

Transportation 1.750 

Shrinkage 1.080 

Stand men (unloading, etc.) .240 

Weighmaster .050 

Inspecuon (U. S. D. A.) .044 

Coops 361 

Loaders .142 

Receivers 1.000 

Wholesalers truck .500 

Slaughtechouse labor .750 

Schochet .500 

Slaughterhouse administration .750 

Plumba, etc .250 

Slaughterhouse operators margin .250 

Retailer 7.000 

Pluckets charge to consumer 1.250 


Total 33.917 cents 


Feeding Station Management 

The purpose of fattening. ‘There are two main objectives in fattening 
poultry: (1) improve the quality of the flesh, and (2) increase the weight of 
the birds. 

Location of feeding stations. Feeding stations in the United States are 
located primarily in the poulfr)’-packing plants in the producing areas of 
the Middle West. While feeding batteries are used in poultr)’ plants located 
in the cities, their principal use there is for holding poultr)*, but they are also 
used for fattening poultr)' (Fig. 184). 

Selection of stock. Only healthy, vigorous birds should be placed or kept 
in fattening batteries. Birds which develop “gapes" or go "ofl feed" from any 
other cause should be removed from the batteries. The caretaker should in- 
spea the birds on feed at least once each day and remove birds which are out 
of condition or "off feed.” 
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Table 85 

CASH FARM INCOME FROM POULTRY PRODUCTS, 1939-1953, MILLIONS OF 
DOLLARS 


Year 

Egft 

Chickeftt 

firoilm 

Turiera 

Other • 

Poultrr 

Total! 


.UOl.oii 


Maium 

Hilhan 

.Wli/lM 

. Million 


Dailart 

DoUjei 

belUfj 

DfUar/ 

Dot n 

1 PoUoti 

1939 

437.4 

193.5 

SlJQ 

69.5 

15.8 

770.2 

1940 

467.8 

193.9 

71,6 

77.0 

15.3 

S27.6 

1941 

663.4 

261.0 

103.0 

: 97,6 

18.3 

1,143.4 

1942 

1,017.7 

383.6 

154.6 

143.7 

' 26.8 

' 1,726.4 

1943 

1,443.6 

688.2 

238.3 

158.4 

44.0 

2.374.5 

1944 

1,363.3 

626.9 

235J 

193.8 

44.4 

2.467.6 

1943 

1,518.1 

676.6 

327.1 

241.4 

33.4 

2,816.6 

1946 

1,507.9 

639.2 1 

288.6 i 

268.5 

49.9 

2,754.1 

1947 

1,813.1 

567.8 1 

302.2 ' 

231.3 

42.5 

2,937.2 

1948 

1,883 8 

542.7 1 

403.2 

2S7.4 1 

42.6 

3.131.5 

1949 

1,8369 

496.6 

442.3 

263,1 

50.5 

3,1096 

1950 

1,5640 

411.0 

530.1 

261.6 

47.7 

2,814.4 

1931 

2,093.4 

471.9 

703.2 

341.0 

58.0 

3,667.3 

1932 

1,877,4 

395.9 

777.9 

342.1 

59.7 ' 

3,452.9 

1933 

2.183.0 

381.4 

817.3 

317.6 

57.5 

3,738.9 


Sanitation. An outbreak of disease may cause serious losses in a feeding 
statiort Therefore sanitation, though difficult, is very important. Batteries, 
after each lor of birds has gone through them, should be thoroughly cleaned 
and disinfected. At least once each year the entire feeding station should be 
carefully cleaned and disinfeaed. If the plant is having trouble with colds 
among the birds, or as a safeguard against such an outbreak, the birds should 
be sprayed with a fine formaldehyde spray. Tliis spray mixture for use in cold 
weadier consists of glycerine 5, 50^^ formalin solution 15, w^rm svater 82 
(parts by weight). For use in warm weather 3 parts of denatured alcohol 
are added and the other matettab as Ibted abm’e are changed to 2, 7, and 88 
parts lespeCTively. 

Fattening poultry. Satbfactory ^ins are necessar)’ for the economical 
operation of feeding stations During recent years feeding stations have been 
used primarily for holding birds for a few days until diey could be killed, in- 
stead of holding them for a long feeding period. The problem of economical 
gains from fattening in feeding stations has become more difficult in recent 
years 

Rations. The rations used for fanening poultry should be palatable, highly 
digestible, free from ingredients whtdi impart undesirable flavors to the 
meat, not too expensive or complex, and they should contain the materiab 
necessary to insure gains and produce the type of rarra^t preferred by con- 
sumers (p. 324). 
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Gains in weight from feeding. The gains made depend upon the condi- 
tion of the birds, their age, their size, and the rations which they receive. The 
Missouri Agricultural Experiment Station repotted in 1932 the results given 
in Tables 86 and 87, which show that young chickens such as broilers usually 
make larger gains than hens. It was also found that the small or medium-sized 
broilers, roasters, or hens made greater gains than did large birds of the same 
classes. 

TalrU 86 


GAINS MADE BY ROCK BROILERS FED TEN DAYS 



Number 

of 

Birdi 

Ration 

Initial 

1 Weight 

Final 

Weight 

Gaia 

Weight 

Dreaaing 

Lo«i 

Percent- 
age of 
Initial 
W’eight 
Packed 




Pounds 

Pounds 

PtT CtnS 




46 

94 

1 Basal -h L’ondensed 1 









Buttermilk 

195.6 

236.3 

miKM 

204.7 ! 

13.4 

mssm 

1 

98 

Basal + Liquid But- 









termilb i 

211.9 

262.3 

23.8 

234.8 1 

10.5 

110.8 

7 1 

mSM 

Basal -+- Dried 









Skim Milk 

208.0 

248.1 

19.3 


10.5 

106.7 

13 1 

98 

Basal -h 10% Dried 









Skim Milk 

185.3 

242.7 

HEM 

213.3 

, 12.1 

115.1 

19 

96 

Basal -f 15% Dried 









Skim Milk 

201.6 

271.3 

34.6 

238.5 

12.1 

na.3 

2S 

98 

Basal 4- 20% Dried 









Slcim Milk 

215.7 

270.3 

25.3 

240.9 

10.9 

111.7 

Toul 

1218.1 


2S.7 

' 1354.2 

ll.S 

111.2 


Gains made today as compared to twenty-five years ago. Why do 
chickens make smaller gains when fed in the feeding stations of the packing 
plants now than they did twenty-five years ago? This is a much discussed 
problem among poultry packers. Some feeders believe that the birds received 
at the feeding stations t^ay do not possess the vitality’ that similar receipts 
did a quarter of a century ago. The more plausible explanation is that today 
most poultry as raised receives better growing and fattening rations than 
poultty’ did before 1920. Whereas during the earlier period the growing stock 
foraged for much of their living and those fed received rather inferior rations 
so that growth was slow and very little fat w-as stored, today young growing 
chickens ha^-e high protein mashes before (bem continually and in many cases 
grain is also kept in hoppers before them. 

Tlie pDulijy of J900 ro 1920 grew’ slowly and developed a framen-ock on 
which the packer could quickly add fat and therefore get rapid gains. Today 
young chickens come to feeding stations from full feeders. Tlje}’ are relativ ely 
fat and they are not hungry. Too often it is true they come infested with 
worms or infeacd with disease, conditions which, of course, cause losses in- 


* Mo. Agr. Expt. Sta. Dul. 309. 1932. 
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Table 87 

GAINS MADE BY ROCK HENS FED SEVEN DAYS * 


Lot 

dumber 

of 

Birdi 

Ratios 



Gain 

Drcticd 

Weight 

Drettiog 

Lo» 

Percent'. 

K'l 

U'erght 

Packed 

— 



FowuO 


Fi* CiM 

PounJr 

Ffr Cent 




Basal + Condensed 






1 104.5 



Buttermilk 

347.4 

40S.1 

17.5 

363.1 




Basal + Liquid But- 










352J 

40] .6 

13.9 

364.1 




95 ' 

Bas.l + 5% Dritd 






■HHH 



Skim Milk 

416.6 

456.5 

9.6 

419.1 




95 

Basal + 10% Dncd 









Skim Milk 

360.6 

421-7 

16.9 

377.1 

10.6 



91 










Skim Milk 

361.8 

395.5 

9.3 

357.0 

9.7 


28 

96 

Basal + 20% Dried 









Skim Milk 

414.3 

454.4 

9.7 

408.9 

Mil 


Tot 


2253.2 

2S37.8 

12.6 

2289.3 

1 9.8 

101.6 


Stead of gains in weight. The occurrence of the "gapes" in recent years has 
also interfered with long feeding periods. 

Feeding period. The length of time poultry can be fed profitably in the 
feeding stations depends on their fatness when received, size, age, and season 
of the year. Under Missouri conditions, which are probably representative of 
Ae sealon of the United States where most of the large feeding stations are 
located, it is no longer profitable to feed poultry after October I. Satisfactory 
gains can be obtained from April 1 to Oaober 1. After October 1 "gapes” 
and other diseases ate common. From April 1 to October 1 springs may be 
fed for four to seven days and fowl from four to six days. The following 
statement by a poultry packer located in the Middle West describes the 
change in fattening which has occurred: 

During the past twenty-five years, we have certainly had a radical change in 
our feeding station methods, the big chan^ roming about 1925 when the "gapes" 
hit this part of the country, and our feeding period being reduced accor^ngly. 
Prior to 1924, disease was practically unknown to us, except occasional cases of 
roup, and we could feed broilers and fryers up to fourteen days profitably, and 
of course could make some very fine poultry which is not possible to do now. 
Prior to 1925 , It was not necessary to use the same strict sanitary methods in the 
feeding stations that we have to now, nor was it necessary to watch the ventilation 
so closely. But now with the very best systems of venulation, the closest watch, 
bener feeds, and the stnaest methods of sanitation, it is almost impossible to 
feed the chickens long enough to get any profitable gains on poultry except during 
the summer months, and even then it does not compare with what we had prior 
to the time when the "gapes" struck tfiis part of the country. 

* Mo. Agr Expt. Su Bui. 309, 1932. 
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Feed consumption. The amount of feed required to produce each pound 
of gain determines quite largely the profits from fattening poultry. If small 
gains are made, feed cost per pound of gain becomes excessive and feeding 
unprofitable. Feed consumption per bird and economy of gains Is given in 
Table 88 for broilers, roasters, and hens. These results show that under favor- 
able conditions gains may be very economical. 

Table 88 

FEED CONSUMPTION AND GAINS WHEN BIRDS WERE FED LIQUID BUTTER- 
MILK. HENS AND ROASTERS FED SEVEN DAYS 
AND BROILERS FED TEN DAYS ® 


Lot 

Ncm- 

Stock 

FkCD Co'ISL'SIED * 

or Gw", 

PointM or 

Pound 

Cai* 

Total Pound, 
ol Feed 

Pound, of Feed 

■1 


Rock Broilers 

157.9 

.1611 


3.1 



Red Broilers 

159.9 

.1683 

52.6 

3.0 

mM 


Leghorn Broilers 

166.9 

.1669 

57.8 

2.9 

mm 


Rock Hens 

137.4 

.2205 

49.1 

2.8 



Red Hens 

142.7 

.2192 

53.5 

2.7 


97 

Leghorn Hens 

159.3 

.2346 

42.0 

3.8 

31 

95 

Rock Roasters 

126.6 

.1904 

33.1 

3.8 

33 

88 

Red Roasters 

123.9 

.2011 

34.0 

3.6 

32 

86 

Rock Roasters 

120.7 

.2005 

35.8 

3.4 

Average 

143.9 

.1914 

4S.4 

3.2 


* Feed contumpuan «u CaleuUted hy contiderinf liquid butierauU a* cDnUiuDg 10 per cent tolida. 


Source of fat and its distribution. Results secured at MacDonald College 
showed that the distribution of fat in the carcass of the fattened bird was in- 
fluenced by the kind of giain used in the fattening ration. Corn, as shtwn in 
Table 89, gave a very satisfaaor)’ distribution of fat, while birds fed oats and 
wheat had much less fat stored in the flesh. 

Cramming. Forced feeding of poultry is not praaiced in America because 

Table 89 

PER CE.VT DISTRIBUTION OF FAT IS THE BODY * 


CeieiJ 


In TUA 

5'"’ 

AMonim,l Fat 




55.0 

IS.O 

Barlc>’ 







22.0 

57.0 



12.9 

200 

00.0 

20.0 



*Mo Apr. Dept. Su. Bui. 309. 1932. 
* Miw, 1935. 
















of the labor cost of the gains secured. In Europe this method is used to secure 
extra gams. The birds are fed by the use of cramming machines which are 
used to force soft feed through a mbe into the crop of the bird- Evidently the 
appetite of a bird is not a true indication of what it can digest since birds 
crammed make satisfactory gams. 
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Recently some feeders in packing plants have been aamming turkeys. 
Such a procedure will, no doubt, Increase w'clght by filling an empty digestive 
tract but it is doubtful if any improvement in the quality or quantity of turkey 
meat can be made by cramming. 

Equipment. While being fattened, the birds are usually held in sixteen- 
compartment portable steel batteries, as shown in Figure 184. These batteries 
are durable and they can be easily cleaned and disinfected. The capacicj- of 
these batteries is ninety-six mature birds. Feeding vats in which the wet 
mashes are mixed and moved are standard equipment in feeding stations. 
Buckets with spouts for pouring feed are used for distributing the feed to the 
feeding troughs. Scales are needed for weighing baneries containing birds 
and for weighing small lots of birds as they are received. Other equipment 
needed are the tools necessary for keeping the plant clean. 

Dressed Poultry 

Since most consumers do not wish to be bothered with killing and dressing 
poultry, they now purchase dressed poultry. Improvements in killing and 
dressing and in preserving dressed poultry' have gained for it the confidence 
of the consumers. As the industry continues to improve the quality of dressed 
poultT}’, consumer demand for such poultry will be increased. 

Marketing channels. The channels by which poultry’ moves to market are 
shown in Figure 185. Most of the dressed poultry’ is killed and dressed in the 
poultry-packing plants located in the pr^ucing areas. It is subsequently 
transponed to the consuming markets or placed in cold-storage warehouses. 

Dressing plants. Faclllcles for dressing and processing poultry s-ary all the 
way from one or wo rooms (Fig. 186) which handle a few’ birds per hour to 
large line operated plants (Fig. 187) which handle 3000 or more per hour. 
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Equipment should include holding baneries for live birds, track and shack- 
les for holding birds, scalder, wing scripper, ducking machine, pinning track, 
singer, chilling vats, eviscerating table, wash sinl^ meat saw, drying and 
wrapping bench, and freezer. 

Tools (Fig. 188) should include sticking and evbcerating knives, pinning 
knife, kidney and lung remover, and bone shears. 

Sanitation standards must be met before poultry may be inspected for 
wholesomeness and/or graded for quality under United States Department of 
Agriculture supervision. General pbnt sanitation requirements include: (1) 
proper drainage and facilities for disposal of sew’age and plant wastes; (2) 
freedom from filth and objectionable odors; (3) construction to keep out 
rodents and flies; (4) floors and side walls that may be hosed easily; (5) 
adequate light, ventilanon, washroom, and toilet facilities; (6) arrangements 
to protect products and equipment from contamination by handling opera- 
tions, insects, rodents, pets, etc; (7) adequate supply of clean and potable 
water, (8) separation of the feeding and holding room from the eviscerating, 
grading, inspection, and packaging room. 

Plant operation and sanitary requirements include: (1) adequate supply of 
hot water (180°F. or above); (2) dean tooros and equipment kept in 
proper repair; (3) removal of feed from the crop, fecal material from the 
doaca, and blood from the head followed by washing the carcass before chill- 
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ing or packing; (4) chilling vats maintained not higher than 40® F. (birds 
nor to remain in vat after internal temperature has reached 36® F. or longer 
than 6 hours without a change of water); (5) air chilling of birds to an in- 
ternal temperamre of 36 to 40® F. within 24 hours; (6) holding of poultry 
not longer than 72 hours at temperatures not above 36® F.; (7) freezing 
poultry solid within 60 hours and storing at 0® F. or below. 

Killing and Bleeding Potdtry 

Where drj’ picking is used, poultf}' should be killed by bleeding and by 
piercing the hind brain with a sharp pointed knife inserted through the cleft 
in the roof of the mouth or through the opening in the skull by which the 
optic nerve enters the eye. Proper sticking destroys the nerve tissue and re- 
laxes the muscles which hold the feathers, thereby loosening them so that they 
may be more easily plucked. Piercing the brain is not necessary when poul- 
try is scalded or semi-scalded. 

Bleeding. Bleeding may be accomplished by severing the neck, by dis- 
locating the neck, or by severing the large blood vessels of the neck either by 
cutting the throat of the bird or by making the cut inside the bird’s mouth. 
Dislocating the neck, as shown in Figure 189, is a simple and sanitary method 
of killing poultry for home use. Birds killed for the kosher trade must have 
their throats cut with a sharp knife so that the windpipe, gullet, and jugular 
vein are completely severed. In commercial packing plants where dressed 
poultry is prepared, bleeding (where dry picking is praaiced) is accom- 
plished by inserting the knife into the mouth and severing the blood vessels 
as indicated in Figure 190. Where semi-scalding is used, bleeding is some- 
times accomplished by cutting the bird’s throat. Making the incision on the 
outside of the neck is believed by some operators to give better bleeding than 
se\’ering the veins through the mouth. 

Improper bleeding results in inferior dressed poultry, particularly after it 
has been held for some time. Poor bleeding may be detected by blood showing 
in the feather follicles of the thighs, hips, neck, and wings of the birds which 
have been improperly bled. High-qualitj* dressed poultry must be well bled. 

Electrocution. Recently there has been developed a machine for killing 
poultry by electrocution and for bleeding the poultry electrocuted It is too 
early to evaluate this method, but its development indicates the alertness of 
American inventors in de\'eloping new* machines for improving marketing 
methods. 


Dressing 

The ^*alue of dressed poultr)’ may be greatly reduced because of fault)* 
dressing. Skilled workmen, employing correct methods, can dress poultry so 
that maximum prices may be obtained. 

Hard scalding. One of the earliest methods de%*eIoped for removing the 
feathers from freshly killed poultry was that of immersing the birds in hot 







upper, rctnovol of wok offer birds bove potted through the dipping tonkt. Lower left, dretted 
birdt on roeki fn the chill room, lower right, grading dretted poultry before pocking or 
eettceroilon. The birdt ore groded occording to weight end quolity of cortou. Comportmenft 
ore provided for teverol weights ond different grodet of each. 
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Fig 188. Poultry dressing and e»i$ee»«rt* 
ing equipment: 

1 and 2. Shackles for holding birds. 
3. Sticking and eviscerating knives. 


water (180“ F. to 190“ F.). While hard 
scalding expedites the removal of feath* 
ers, it destroys some of the food value of 
the poultr)* and produces an unattractive 
carcass after the surface of the body h« 
thoroughly dried. While hard scalding is 
still used for home dressing and for 
dressing birds which are to be delivered 
to the kitchens of hotels and restaurants, 
this method is not used for preparing 
dressed poultry for the regular market 
channels. 

Dry picking. Hard scalding was re- 
placed by dry picking and for many 
years prior to 1925 the poultry which 
was dressed in the packing plants was 
dry picked. Birds which were properly 
killed by piercing the brain could be 
picked without being scalded. The pick- 
ers were divided into wo groups; the 
"roughers,” who removed the large wing, 
uil, and body feathers, and the "pin- 
ners,” who removed all of the remaining 
feathers, including the pinfeathers. 
Plants using this method paid the work- 
ers for the number of birds roughed and 
pinned. A dry-picking machine has been 
used in Europe for removing the feath- 
ers of market poultry. 

Semi-scalding. The development of 
the semi-scald method for removing 
feathers from poultry was vet)' rapid 
and from 1925 to 1935 'practically all 
the larger packing plants adopted this 


4 . Pinning knife. newer method for picking poultry. Spe- 

5. Kidney and lung remover. machinery for handUne the birds 

6 Shears used in evisceration. . „ , . . ^ . • • 

7. Bleeding and debraining insfrumeirt. installed m most plants ming thlS 

8. Dial thermometer for use in scolding method. Some of the instructions sup- 


tank. 


plied by the manufacturers of the ma- 


chines are as follows: ( 1 ) Good bleed- 
ing IS essential, this means severing both the vein and artery. By this method, 
bloody crops are impossible. Some operators simply cut the throat, from inside 
or outside the mouth. (2) Birds, atxording to age, may be placed on the 
shackles and bled from twenty seomds to two minutes before reaching the 
scalding tank. ( 3 ) Time of immersion: the machine may be changed at will 
by the operator, broilers may be immersed twenty to thirty seconds, older birds 
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from twenty up to forty seconds. (4) 
The temperature of the water is con- 
trolled by an automatic thermostat on 
the steam intake line. When sec at 
128® F. for ordinary scald, or with spe- 
cial 185® thermostat for hard scald, the 
temperature will automatically be main- 
tained. (5) Birds should be picked in a 
reasonable time after leaving the tank. 
Pickers should pick, never scrape or rub. 
(6) Heads shoxild be dry before wrap- 
ping. (7) Birds should be put in cool- 
ers within one hour after being picked. 

Those engaged in packing poultry 
prefer the semi-scald method for re- 
moving feathers because it ( 1 ) reduces 
labor costs, (2) improves the appear- 
ance of the dressed bird, and (3) in- 
aeases the number of birds which go 
into the higher grades. 

Semi-scald and wax picking. Soon 
after the semi-scald method of picking 
came into general use, C. V. Rosen- 
berger, Independence, Iowa, patented 
(in 1929) the wax method of removing 
the feathers (Fig. 187). This special 
wax may be purchased from the manu- 
facturers. This method has been com- 
bined with the semi-scald method, but 
results released by the National Re- 
search Council of Canada in 1935 in- 



dicate that wax picking may be devel- 
oped so that semi-scalding can be eliminated and dry-picked birds dipped in 
the wax. 


Birds from which the large feathers have been removed are dipped in 
melted wax and then sprayed with cold water to harden the wax. Some waxes 
in use harden without being sprayed with cold water. When the hardened 
wax is peeled away the feathers, pinfeathers, "hair,” and scales are removed, 
and an attraaive dressed bird is produced at a greatly reduced labor cost. The 
hardened wax in which the feathers are embedded is reclaimed by boiling 
away the water and removing the feathers so that the wax may continue to be 
used. 


Picking machines. A more recent development is the feather-picking 
machine. (Fig. 191.) This machine is used in conjunction with scmi-scalding. 
Such a machine removes the feathers very efficiently and with a minimum of 
labor. The machines may be located along "the line" so that the birds are 
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catfled by conveyors through these 
machines. 

Dressing problems. Dressing is a 
processing service whereby live poul- 
try is converted into a consumable 
form. In dressing, every effort should 
be made to avoid bruises, tears, and 
broken bones. To insure more attrac- 
tive birds for the consumer the head 
should be wrapped, the feet should 
be cleaned by washing, and the lower 
intestines emptied by applying pres- 
sure on the abdomen and forcing 
their contents out through the vent. 


Grading Dressed Poultry 

Grading is essential to economical 
and intelligent trading in dressed poul- 
try because traders located several hun- 
dred miles apart trade in the poultry 
meat of several species which varies from that which is worthless to that 
which is excellent. The packing plant is fortunate which employs a well- 
trained grader who knows how to separate the birds into their respective 
grades to realiae the greatest returns. 

Quality standards for individual dressed and ready-to-cbok poultry. 
U. S. STANDARDS FOR QUALOY OF DRESSED POULTRY AND READY- 
TO-CCX5K POULTRY. (CHICKENS, DUCKS, GUINEAS, AND PiGEONS) 

A Quality. To be of A Quality the carcass: 

(a) Is of normal physical cooformatioo except that it may have a slighdy 
curved breastbone or other slight abnormality in the shape of the breastbone 
which does not interfere with the normal distribution of the flesh. The carcass 
may also have a very slightly curved back. There may be a dent in the breast- 
bone which does not exceed inch in depth. 

(b) Has a well-developed, moderately broad and long breast, well-fleshed 
throughout its entire length, with the flesh carrying sufiiciently well up to the 
crest of the breastbone so that the breastbone is not prominent. The legs are 
well covered with flesh. 

(c) Has the breast, back, hips, and pin bones well covered with fat except 
that chicken broilers or fryers may have only a moderate amount of fat covering 
these parts, and a hen, stewing chicken, or fowl does not have excessive abdomi- 
nal fat. 

(d) Is practically free from pinfeathers and vestigial feathers, especially on 
the breast, if the carcass is dressed poultry. If the carcass is ready-to-cook poultry. 


\rUrl*i 

CerrtctCuf 



Fig. 190. Bleeding of poultry is oecom* 
pllthed by inserting a tpecloi knife tKrough 
the mouth and severing the blood vessels at 
Indleeled. (Drawing by Hoel Hall.) 
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Fig. 191. Powlfry piekw fof »moH drejtmg pIont». 
it is free from protruding pinfeathers, practically free from nonprotruding pin- 
feathers and vestigial feathers, especially on the breast. 

(e) Is free from skin tears and cuts on the breast and legs; however, else- 
where on the carcass there may be tears and cuts (exclusive of the cuts usually 
made to remove the neck and viscera in the produaion of eviscerated poultry) 
♦he aggregate length of which does not exceed IVi inches. There are no sewn 
fears or cuts. The carcass has no disjointed bones or broken bones except that it 
may have one disjointed bone in either a leg or wing but only if there is no 
evidence of a related bruise or blood clot; and, if the carcass is a chicken broiler 
or fryer, it may have one nonprorruding broken bone in a wing in addition to 
such disjointed bone but only if there is no evidence of a related bruise or blood 
clot. The wing tips may have been removed. 

(f) Is free from bruises and discolorations of the flesh on the breast and legs; 
however, elsewhere on the carcass there may be bruises and discolorations of the 
flesh showing not more than a slightly reddish color the aggregate area of which 
does not exceed the area of a circle Vi inch in diameter. The carcass is free from 
skin bruises on the breast and legs, showing not more than a slightly reddish 
color, the aggregate area of which exceeds the area of a circle Vi inch in diameter, 
and from slightly reddish skin bruises, elsewhere on the carcass, the aggregate 
area of which exceeds the area of a circle inch in diameter. Notwithstanding 
the foregoing, the total aggregate area, on the breast and legs, of all such flesh 
bruises, skin bruises, and all other discolorations and blemishes of the skin, is 
not in excess of the area of a circle 1 inch in diameter; and elsewhere on the 
carcass such total aggregate area is not in excess of the area of a circle 1 Vi inches 
in diameter. The skin may show only slight reddening in the feather follicles on 
the neck, near the head, and on the wings because of improper bleeding. 
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Fig. 192. left to fight. U. S. grades A. B, end C dressed fowl. 


(g) Shows only slight free 2 er bum, or evidence thereof (i.e., a few pock- 
marks, or evidence thereof, none of which exceeds the area of a drcle Vi ‘och 
in diameter). 

B Quality. To be of B Quality the carcass: 

(a) Is of at least practically normal physial conformation except that it may 
have a dented, curved, and slightly crooked breastbone which does not seriously 
interfete with the normal distribution of flesh. The carcass may also have a 
moderately crooked back or moderately misshapen legs or wings. 

(b) Is sufficiently well-fleshed on the breast and legs so as to prevent a thin 
appearance and a prominent breastbone. 

(c) Has a sufficient coverage of fat on the breast and legs to prevent a distinct 
appearance of the flesh through the skin. 

(d) Has not mote than a slight scattering of pinfeathers and vestigial feathers 
over the entire carcass with only relatively few on the breast, if the carcass is 
dressed poultry. If the carcass is ready-to-cook poultry, it is free from protruding 
pinfeathers, but may have not more than a few scattered nonptotniding pin- 
feathers and vestigial feathers. 

(e) Is free from tears and cuts on the breast and legs, the aggregate length 
of which exceeds 1 Vi inches; however, ebewhere on the carcass there may be 
teats and cuts (exclusive of the cuts usually made to remove the neck and viscera 
in the produaion of eviscerated poultry), the aggregate length of which does 
not exceed 3 inches. There ate no sewn tears or cuts. Three areas of skin, not 
exceeding an aggregate total of % inch in diameter, may have been removed 
from the breast and legs and a small area of back skin (aot exceeding the width 
of the feather tract on the back and extending from the base of the tail no farther 
than the hip bones) may have been removed: Provided, That, the aggregate 
diameters of the removed skin shall be included within the total aggregate lengths 
of cuts and tears permitted on the breast and legs, and ebewhere on the carcass, 
tespecuvcly. The carcass may have not more than a total of two disjointed bones 
in either the legs or wings, or both, but only if there is no evidence of a related 
bruise or blood dot, and, in addition, one broken bone in a leg or wing but only 
if it is nonproiruding and does not show an excessive related bruise or blood 
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clot. The wing lips may have been removed and if the carcass is ready-to-cook, 
the forearm (second joint) of the w’ing or wings, and the tail (pygostyle) may 
have been removed. 

(f) Is free from bruises and discolorations of the flesh on the breast and legs, 
showing not more than a slightly darkened color which in the aggregate is in 
excess of the area of a circle inch in diameter; however, elsewhere on the 
carcass there may be bruises and discolorations of the flesh the aggregate area 
of which does not exceed the area of a circle IVi inches in diameter. The carcass 
is free from skin bruises, on the breast and legs showing not more than a 
moderately reddish color, the aggregate area of which exceeds the area of a circle 
^ inch in diameter, and from moderately reddish skin bruises, elsewhere on the 
carcass, the aggregate areas of which exceeds the area of a circle inches in 
diameter. Notwithstanding the foregoing, the total aggregate area on the breast 
and legs of all such flesh bruises, skin bruises, and all other discolorations and 
blemishes of the skin is not in excess of the area of a circle IV^ inches in diame* 
ter; and elsewhere on the carcass such total aggregate area is not in excess of the 
area of a circle 3 inches in diameter. The skin may show not more than moderate 
reddening in the feather follicles on the neck, near the head, and on the wings 
and thighs because of improper bleeding. 

(g) Shows no more than moderate freezer burn, or evidence thereof, on any 
part of the carcass but there shall be no dried areas in excess of the area of a 
circle Vi inch in diameter. 

C Quality. A carcass that does not meet the requirements of B Quality may be 
of C Quality and such carcass may: 

(a) Be of abnormal physical conformation (i.e., possess serious abnormal 
physical conditions, including, but not being limited to, a crooked breastbone) 
if it is fairly well fleshed. 

(b) Be poorly fleshed. 

(c) Be lacking in fat covering, over all parts of the carcass. 

(d) Have numerous pinfeathers and vestigial feathers scattered over the 
entire carcass, if the carcass is dressed poultry; if ready*to-cook poultry, the carcass 
is free from protruding pinfeathers but may have a few vestigial feathers and 
may have nonprotruding pinfeathers that do not seriously detract from the ap* 
pearance of the carcass. 

(c) Have torn skin, and areas of missing skin, disjointed bones, and broken 
bones but only if there is no evidence of a related severe bruise or blood clot. 
There are no sewn tears or cuts. Wing tips may have been removed, and if the 
carcass is ready*to-cook, the wings and tail may have been removed. 

(f) Have numerous and large discolored areas or blemishes of the skin which 
may be accompanied by some reddening and darkening of the flesh beneath, if 
such discolored areas and blemishes do not render any pan of the carcass unfit 
for food. 

(g) Show more than moderate freezer burn or evidence thereof (including, 
but not being limited to, numerous pockmarks or large dried area) on any part 
of the carcass. 
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U. S. Grades for Dressed Poultry and Ready-to-Cook Poultry. The following 
U. S. D. A. grades became effeaive Match 1, 1955: 

( 1 ) U. S. Grade A. Any lot of dressed poultry or ready-to-cook poultry com- 
posed of one or more containers of carcasses of the same kind and class may be 
designated as U. S. Grade A if not less than 90 per cent, by count, of the carcasses 
in such lot are of A Quality, the remainder is of B Quality, and no individual 
container in such lot contains more carcasses of B Quality than in the proportion 
of 2 to each 12 carcasses in the conuiner. 

(2) U.S. Grade B. Any lot of dressed poultry or ready-to-cook poultry com- 
posed of one or more containers of carcasses of the same kind and class may be 
designated as U. S. Grade B if not less than 90 per cent, by count, of the carcasses 
in such lot are of at least B Quality, the remainder is of C Quality, and no in- 
dividual container in such lot contains more carcasses of C Quality than in the 
proportion of 2 to each 12 carcasses in the container. 

(3) y. S. Grade C. Any lot of dressed poultry or ready-to-cook poultry may 
be designated as U. S. Grade C if it consists of carcasses of not less than C Quality- 
Weight ranges. The suggested weight speciHcations for ready-to-cook chickens 
are given in Table 90. 

Grades used by the packers. The packers have not all adopted the grades 
proposed by the Bureau of Agricultural Economics. Most of them have 
special grade names which they have advertised over a period of )'ears and 
they are rcluaanc to discontinue such established grade names as Priebe 
Quality Brand, Swift’s Premium, etc 

Packing Poultry 

The process of packaging poultry together with allied processes Is known 
in the poultry trade as packing poultry. 

Containers. The containers in which poultry is packed may be wooden 
barrels or boxes made out of wood or fiberboard. Barrels are used primarily 
for shipping nearby poultry to the eastern markets and for shipping mrkeys. 
Barrels ate also used for packing cocks and lower-grade poultry in the large 
packing plants. However, boxes are replacing barreb for the packing of tur- 
keys Types of containers most generally used for dressed poultry are shown 
in Figure 193. Boxes of many different dimensions are required for packing 
the different sizes of birds. 

Style of pack. While other types of packs are used in arranging the 
dressed birds in their respeaive «)ntainers, the great bulk of the poultry 
killed and dressed in the United Sates is packed breast up in boxes with 
twelve birds to each box. The sqrle of pack generally used is the breast pad: 
shown in Figure 193- With the development of quick freezing and full draw- 
ing, there has come the use of mdividual bird wrappers made out of cello- 
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Kirds and Classes 

Weight Range Per Caecass 

Minimuen 

Maximum 

Broilers or fryers 

None 

Over 1 pound 8 ounces 
Over 2 pounds 

Os'er 2 pounds 8 ounces 
Over 3 pounds 

1 pound 8 ounces 

2 pounds 

2 pounds 8 ounces 

3 pounds 

3 pounds 8 ounces 

Roasters 

Over 2 pounds 8 ounces 
Over 3 pounds 

Over 3 pounds 8 ounces 
Over 4 pounds 

Over 4 pounds 8 ounces 
Over 5 pounds 

3 pounds 

3 pounds 8 ounces 

4 pounds 

4 pounds 8 ounces 

5 pounds 

None 

Hens or stewing ehickens or fowl 

None ' 

Over 2 pounds i 

Over 2 pounds 8 ounces 
Over 3 pounds 

Over 3 pounds 8 ounces 
Over 4 pounds 

Over 4 pounds 8 ounces 
Over 5 pounds ' 

1 Over 5 pounds 8 ounces 

2 pounds 

2 pounds 8 ounces 

3 pounds 

3 pounds 8 ounces 

4 pounds 

4 pounds 8 ounces 

5 pounds 

5 pounds 8 ounces 
None 

Cocks or old roosters 

None 

Over 2 pounds 8 ounces 
Over 3 pounds 8 ounces 
Over 4 pounds 8 ounces 
Over 5 pounds 8 ounces 

2 pounds 8 ounces 

3 pounds 8 ounces 

4 pounds 8 ounces 

5 pounds 8 ounces 
None 

1 

Turkeys and geese (all classes) ^ 

None 

0\'er 4 pounds 

Over 6 pounds 

Over 8 pounds 

Over 10 pounds 

Over 12 pounds 

Over 14 pounds 

Over 16 pounds 

Over 18 pounds 

Os'cr 20 pounds 

4 pounds 

6 pounds 

8 pounds 

10 pounds 

12 pounds 

14 pounds 

16 pounds 

18 pounds 

20 pounds 

None 

Ducks (all classes) 

None 

Over 3 pounds 

Over 3 pounds 8 ounces 
Over 4 pounds 

3 pounds 

3 pounds 8 ounces 

4 pounds 

None 

Guineas (all classes) 

None 

Over 12 ounces 

Over 1 pound 

Over I pound 4 ounces 
Os'er I pKsund 8 ounces 

12 ounces 

1 pound 

1 pound 4 ounces 

I pound 8 ounces 
None 

Pigeons (all classes) 

None 

0>’er 6 ounces 

Over 10 Ounces 

Over 14 ounces 

6 ounces 

10 ounces 

14 ounces 

None 













Fig. 193. FacVing dreuecl poultry. Abovo, the breast pack generolly used for all dosses of 
dressed thickens. Below, two types of containers used for dressed poultry, the wire-bound 
wooden box and the fiberboard box. (Ceurtexy National Container AssocioHon.) 


phaQc, cloth, and parchment paper. Attraaive packages containing individual 
birds are also being used. Poultry is being packed and displayed with a greater 
consumer appeal each year. Eviscerated poultry is being packed in some plants 
m cardboard containers, sue birds per box. 
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Maintaining the Quality of Dressed Poultry 

The maintenance of the quality of the freshly killed bird until it is con- 
sumed constitutes an important marketing problem. Research agencies both 
governmental and industrial have contributed to its solution. 

Cooling. Freshly killed poultry should be cooled as soon as possible. Cool- 
ing in cold water is sometimes used when the birds are killed for local con- 
sumption or nearby markets. Because several hours are required for cooling 
and the keeping qualities of the birds are reduced, water cooling has limited 
xxsage in poultry-packing plants; however, it is used in some plants as a sup- 
plement to dry chilling. In commercial poultry-packing plants most of the 
dressed poultry is cooled in the coolers where the temperature ranges from 
30° F. to 34° F. The dressed birds are hung on portable steel racks which 
hold from 150 to 180 mature chickens and then rolled from the dressing room 
to the cooler. When the internal temperature of the carcasses has been reduced 
to 35° F. or lower, the birds may be packed. The rate of cooling may be in- 
creased by circulating the air in the cooling room. 

Ready-to-cook poultry. For many years it was maintained that undrawn 
poultry would keep better than poultry which was drawn. Under the con- 
ditions which prevailed in the industry when the research work on this prob- 
lem was done by Dr. Mary Pennington and her associates in the Bureau of 
Chemistry of the United States Department of Agriculture, this was no doubt 
true. With improved refrigeration and the advent of the quick-freezing proc- 
ess, the drawing or evisceration of poultry which was to be marketed or stored 
became possible. While much consumer education will be required before a 
great demand for oven-dressed and frozen poultry can be created, this new 
industry is developing. The operation of an eviscerating room is shown in 
Figure 194. It is believed by those who have smdied the problem that the 
quality of poultry can be maintained better in full-drawn and quick-frozen 
birds which arc properly refrigerated than in the undrawn poultry. 

The future of ready-to-cook poultry prepared in the production areas ap- 
pears bright because this is sound marketing procedure. 

Quick freezing. There are three processes of quick-freezing poultry used 
in the United States. The "Z” process uses a brine mist at 0° F. or lower, 
which is sprayed over the birds, thereby freezing them. The Birdsej-e process 
freezes poultry under pressure and at low temperatures ( —25° to —50° F.) 
by bringing the produa in contact with hollow metal plates which are cooled 
by the direct expansion of ammonia. Another process used for freezing poul- 
xiy is the use of strong cold ( —40° F.) air blast blown against the birds. 

Quick freezing does not injure the quality of the meat as does slow freezing, 
because rapid freezing prevents the formation of large ice oysrals which 
rupture the cells. 

Refrigeration. Artificial re/rigerarioo is essential to the proper marketing 
of poultt)* in the United States. The seasonal nature of praluaion makes it 
necessar)’ to have in storage on Januar)* 1 of each year usually more than 100,- 




Fig. 194 Preparation of ready-to<ook poultry. Top, eviscerated and cellophane^rapp^ 
turkeys being placed in a fast freezing chamber. (Courtesy Frosted Food Soles Cerp.) Center, 
pocking evisceroted ond ceitopVione-wropped broilers. (Courtesy Swih and Company.) BottOO'* 
preparing reody-te-cook poultry before fast freezing. (Courtesy Fairmont Creamery Company.) 

000,000 pounds of poultry. Cold-storage warehouses render this service to the 
industry. The seasonal holdings of dressed poultry in cold storage for 1945— 
1950 IS shown in Figure 195. 
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Fig. 195. Seasonal variation In cold storage holdings of dressed poultry In the United Stotes. 
^1945-50. 

Freezing. Dressed poultry may be rapidly frozen when delivered to the 
cold-storage warehouse by placing it in a room where the temperature is 
—20° F. Since low temperatures are more expensive than high temperatures 
in a cold-storage warehouse and it has been believed that too low tempera- 
tures are injurious to the quality of dressed poultry', poultry has been frozen 
at 0® F. and stored at temperatures above zero, hlore recently it has been 
learned that the quality of dressed poultry is improved when it is quickly 
frozen at very’ low temperatures (— 20®F.) and held at temperatures well 
below 0° F. Poultry stored for three years at —20® F. has been found to retain 
its quality in splendid condition. At present the tendency is for the more pro- 
gressive warehouses to use temperatures below 0® F. for freezing and storing 
poultry. Tlie average temperature of most cold-storage warehouse poultry 
rooms is about 0® F. 
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Tig. 196. TurVeyi sVovrIng vofiou* degteet rf freeiM butt* dwtlng 20 montb* storage at 0 F- 

1. Unwrapped. Much dehydration. 

2. Wrapped in butcher paper. Much dehydration. 

3. Wrapped in 2 mil. polyethylene. Slight dehydration. 

Freezer burn. As a result of dehydration at low temperatures there some- 
times develops in dressed poultry a condition known as "freezer burn,” which 
mars the appearance of the birds and reduces their sale price. (Fig. 196.) The 
skin immediately surrounding the feather follicles is usually dried out. Poultry 
stored where the humidity is relatively low and the temperature fluctuates 
widely is most likely to show this dessication or "freezer burn.” Wrapping 
the individual birds, using containers which are nearly airtight, and lining the 
boxes with paper help to reduce damage from "freezer burn.” 

Canning and Smoking Poultry 

Home canning. Canning of poultry meat for use in the home has been 
practiced by farm housewives for many years. The following instructions for 
home canning are taken from Directions for Canning Chicken at Home, 
supplied by the Insritute of American Poultry Industries. 

Preparing the meat. Prepare the chickens as for cooking. Pick, singe, re- 
move pinfeathers, wash, and cut into the usual pieces for serving. Clean 
thoroughly, taking cate not to break the gall bladder, which would make the 
meat unfit for use. The lungs, kidneys, eggs, and liver should not be used for 
canning, but the gizzard and heart may be, if desired. Trim off any large 
pieces of fat, so that it may not interfere with the penetration of heat. Cut 
the white meat in large pieces from the breastbone and shoulders, but leave 
the meat on the bones in other pieces. Cut the neck off close to the body. 
Use the very bony pieces, such as back, neck, and perhaps the feet, after they 
have been skinned, for making broth to fill up the containers. Make the broth 
by coveting the bony pieces with lightly salted cold water, bring to the sim- 
mering point, and simmer until the mwt becomes tender. 

Preheating and packing. Preheating may be done in scs’eral ways, the 
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aim in all of which, however, is to heat the meat thoroughly until no red 
color shows. It is not necessary nor desirable to preheat until the meat is 
cooked to doneness, since a subsequent tanning process will then overcook 
the meat. Either tin cans or pint glass jars may be used as containers. Wash 
glass jars, lids, and tin cans before using. Keep lids for tin cans dry. 

Pack the chicken without cramming, and use some pieces with bone in 
each container. Leave space for liquid to circulate around the meat. 

Preheating may be done by the following method: Place the chicken in 
a small quantity of boiling water, lower the heat, and simmer. After thor- 
oughly heating, pack in tin cans, or glass jars, bring the broth to boiling, and 
pour over the meat to within one-half inch from the fop of the container. 
Add salt, one-half to one teaspoon per pint, and if it is desired, a small quan- 
tity of gelatin, one tablespoon per pint softened in cold liquid, may be added 
to the broth. Fully seal tin cans or partially seal glass jars, and place each as 
prepared in the hot cooker so that, the meat will not be cooled. 

Commercial canning. This is a relatively new field, but several million 
pounds of poultry are canned annually by the commercial canners. The 
Hormel Packing Company, Austin, Minnesota, was one of the pioneers in 
the field of canning whole chicken. Canned poultry meat, chicken and noodles, 
and chicken soup are sold quite generally by retail food stores and the de- 
mand for such products is increasing. 

Smoking poultry meat. This method of preserving meat has been used 
quite generally in the past for preserving pork on the farm. Benjamin and 
Pierce report that smoked chickens are sold in the Chinese sections of the 
United States. They also report that "smoked turkeys, prepared by pickling 
in brine and smoking like hams, are also obtainable from hotel supply houses." 
Directions for smoking poultry meat as suggested by the Unit^ States De- 
partment of Agriculture may be summarized as follows: Kill, pick, and draw 
the birds in the usual manner. The curing mixture consists of 6 lbs. salt, 3 lbs. 
sugar, and 3 oz. saltpeter dissolved in 416 gallons of water. About four times 
this indicated quantity of pickle is required to cover 100 lbs. of turkeys, when 
carefully pack^ in a JO-gallon barrel. 

The turkeys should be packed carefully and close together in a suitable con- 
tainer, such as a crock or a clean odorless hardwood barrel, and weighted down 
so that they will not float when the curing solution is added. Then pour the 
solution over the turkeys until they arc covered w’ith a slight excess of liquid. 
It is important to hold the temperature as near to 38° F. as possible. Remove 
the turkeys once each week, and repack to remix the solution and to make sure 
that it comes in contact with all parts of the birds. 

Depending on the weight of the airke)'S, the meat should be suflicienily 
cured in two to four weeks ro be remos’cd from ihe pickle and prepared for 
smoking. It is suggested that the individual turkey remain in the pickle from 
one and one-third to one and one-half daj’s per pound of dressed weight. 

The cured turkey should be washed, hung up lo dr)’, then smoked, using 
hardwood, at a suggested smokehouse temperature of 100° to 110° F. Sev- 
eral hours in hardwood smoke may give sufficient flavor, althouglj some may 
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prefer to smoke the meat longer, even to the eitcnt of haring a fire under 
it eight to ten hours each day for several days. 

Distribution of Live and Dressed Poultry 

The efficiency of the s}’stein of distribution used in moving poultry from 
the producer to the consumer affects very materially the prices received by the 
producer and the quality of the products received by the consumer. While 
the methods employed in distributing poultry have improved, progr^ will 
no doubt continue to be made and a more efficient system of distributing 
poultry will be evolved- 


Uve Poultry 

The system of distributing live poultry in the central markets has not kept 
pace with marketing in other fields. Excessive and unnecessary charges are 
often applied in marketing live poultry. Unscrupulous buyers and racketeer- 
ing labor organizations have too often preyed upon this industry. 

The government is attempting to curb unfair practices in the marketing 
of live poultry. By suiable regulation a duninishing live poultry trade may 
be restored to its rightful place in poultry marketing. The cost of marketing 
live poultry is given on page 443. The charges made by the different agencies 
for services rendered appear reasonable with the exception of the retailers’ 
charge of seven cents per pound. To the producer such a charge implies 
either an exhotbitaoc profit or an inefficient marketing system, '^is charge 
is justified in some cases because the volume is relatively ^malL 

Dressed Poultry 

The great bulk of the dressed poultry b no longer received in the central 
markets, such as New York, dress^ Le., bled and picked, but otherwise unpre- 
pared for consumption Most of the poultry received in the cities b prepared 
for consumptioa Most of the poultry now received in the central markets b 
ready for the oven. 

Drawing and preparing poultry for cooking. Two general methods of 
preparing poultry for cooking are used, depending upon the age of the bird 
and the purpose for which the carcass b intended. Roasting chickens, turkeys, 
ducks, and geese are prepared roaster siyle, the process being as follows: 
Remove the shanks and feet by cutting the legs off at the hock joint of 
slightly below this joint. If the tendons are puUi^ this must be done before 
the shanks are remm-ed The neck skin should be slit dosra the back side and 
the neck bone cut off at the shoulder. Cutting the head off will leave the skin 
for covering the opening where the neck was removed. The internal organs 
arc remosed through a short cut made in the abdomen and around the vent. 
Roasting chickens should be trussed by tying or sewing them together to make 
a compaa carcass (Fig. 197). 
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Fryers and broilers are 
prepared for cooking by 
splitting the broilers into 
two parts and fryers first 
into two parts and then 
each of the halves into 
several parts, depending 
upon the size of bird and 
the size of servings de- 
sired (Fig. 198). 

Consumer education. 

Since the economic wel- 
fare of the poultry pro- 
ducer is dependent upon 
the demands of the con- 
sumer for poultry prod- 
ucts, the producer should 
be vitally interested in 
seeing that consumers are 
properly educated on 
poultry consumption 
problems. The consumers should be familiar with the grades employed. It 
would facilitate education on grades if a simplified and uniform system of 
grading were used. The consumer should be taught to evaluate quality in 
poultry meats. Suitable recipes for the preparation of poultry meats should 
be made available to consumers. Simple and easy methods for cooking poultry 
will create a greater demand for poultry meat. Consumer education should 
receive greater emphasis in the future than it has in the past. Such education 
is essential for the srimulation of greater consumption of poultry (Fig. 199). 

The Poultry and Egg National Board. In 1941 the Poultry and Egg 
National Board, Chicago, Illinois, was established by the industry for the 
primary purpose of promoting the consiuuprion of poultry and eggs. This 
was the first national co-operative effort of the poultr)’ industry to promote its 
products. The results have been excellent and the support received particularly 
from the hat oieties has been very liberal and indicates that the industry real- 
izes the value of consumer education and promotion and is willing to support 
such a program. 

The P.E.N3. is serving the poultt)' industry as the Meat Board ser\-es the 
livestock industry'. 

Improved Methods of Handling Poultry 

Improved facilities and berter methods of marketing are continually being 
devclop^cd. Tlic future will bring changes probably equally as important as 
thov made in the past. 

Refrigeration. The development of small mechanical refrigerators suitable 
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for retail stores and the home 
has greatly improved the qual- 
ity of poultry ultimately con- 
sumed. Every retail store 
which handles any apprecia- 
ble amount of dressed poultry 
has refrigeration for holding 
meats at low temperatures. 
The number of homes where 
refrigeration is available is in- 
creasing each year. The house- 
wife and the storekeeper hold 
poultry meat under refrigera- 
tion because they know that 
high temperatures lower the 
quality of poultry meat (Fig. 
200 ). 

Ready-to-cook 
The introduction oi 
cook poultry has 
the sale of poultry 
tail markets because this poul- 
try comes from the packing 
plants ready to be used by the 
housewife. Such poultry is 
proving popular with retailers 
as well as with housewives 
(Fig. 194). Some large Midwest poultry-packing plants are preparing 100 
per cent of their poultry ready-to-cook. 

Sale of poultry cuts. The sale of different cuts of meat from the larger 
domestic animals has long been an accepted practice, but all poultry from 
one and one-half pound broilers to forty-pound turkey toms has been sold as 
a whole carcass. In recent years some retailers have stimulated the demand for 
poultry meat by offering for sale the different parts of the bird (Fig. 200). 

Rolls made of turkey meat have been developed and sold in some markets. 
Since 1945, half-turkeys have sold well. 

Poultry meat imports and exports. The United States exports less than 
0.3 per cent of the poultry meat produced. For instance, in 1948, 1,240,000 
pounds of live poultry, 6,799,000 pounds of dressed poultry, and 400,000 
pounds of canned poultry were exported 

The imports of poultry meat amount to about the same as the exports. 

REVIEW QUESTIONS 

1. How is live poultry transported to market? Have any changes in methods of 
transportauon occurred m recent years? 


poultry. 

ready-to- 

simplified 

in the re- 
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2. What is the capacity of a live-poultry railroad car? 

3. Name the more important chanoels by which live poultry moves from pro- 
ducer to consumer. 

4. Why is New York an important live-poultry market? 

5. Name and desaibe the live market gr^es of poultry as given by the Ututed 
States Department of Agriculture. 

6. Distinguish between market inspection and the operation of the Packers and 
Stockj’ard Act. 

7. What motive do you think is most important to stimulate, to improve the 
quality of poultry? Why? 

8. Name several of the more important costs of marketing live poultry from 
the producer located in the Middle West to the consumer in the East. 

9. What ate some of the factors which inBuence the gains obtained by fattemng 
poultry? 

10. Some operators state that the gains they get today are below those obtained 
in the early days of commercial fattening. What explanation could you offer 
for this change? 

11. Does the kind of feed used in fattening radons influence the distribution and 
the consistency of the fat deposited? 

12. Illustrate graphically the seasonal producuon of poultry meat. 

13. Name and discuss the methods us^ in removing the feathers of poultry. 
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The successful maoagemeac of a poultry eorerprise requires the apphcauon 
of the principles and praaices discussed throughout this book, which apply to 
the various phases of poultry produaion. In this chapter the effect of manage- 
ment on profits in poultry farming will be considered. People engage in {XJul- 
try raising primarily because of the profit motive — the desire to make a livmg 
out of the poultry business. Therefore, this chapter will discuss the effect of 
various factors on profits in the major poultry farming enterprises. 

The Poultry and Egg Outlook 

Poultry produaion has a definite place in American agriculture and its rela- 
tive importance as one of the livestock enterprises may be expeaed to in- 
crease. As with other economic phenomena, there are cycles in produaion. 
These cycles arc generally short because the life cycle of poultry is short and 
poultry raisers can get in and out of the business in a relatively short tunc. 
One measure of the relative profitableness of poultry raising is the egg-fccd 
ratio. Fig. 201 for 1924-53 shows the numb^ of pounds of poultry ration 
that one dozen eggs would buy at prevailmg prices. 

Since the cost of feed is the largest item of expense for the producer of 
egg-feed ratio shows the relative profitableness of egg production. 
However, when feed prices are extremely low as they were during the 
depression, even though the egg-feed ratio is low, poultry raising is not 
profitable because the total income of the poultryman is and their 

ptirchasing power of other necessary commodities is low. 

The response of poultry producers to these ratios is shown by the average 
number of la)efs kept in farm flocks (Fig. 202). It will be observed that in 
1937 a very unfavorable price situation, as measured by feed-egg ratios, pre- 
vailed and the following )ear < 1938) the number of layers per flock was the 
lowest since 1925. Poultry farmers respond to unfavorable price situations by 
reduang their produaion, but unfortunately they may get in and out at the 
wrong time. The pouluymen should use these ratios to govern their produc- 
tion by increasing produaion when most farmers are reducing their flocks, 
and dcaeasing production when farmers generally arc expanding their opera- 
tions. When ibe feed-egg rario is low the industry may expea an expansion as 
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sooa as such aa ex* 
pansioa can be ioiti* 
ated, and likewise 
when prices become 
unfavorable a general 
reduction may be ex- 
pected. 

Relation of indus- 
trial aaivity to prof- 
its in poultry rais- 
ing. Poultrymen who 
have been in the busi- 
ness of poultry raising for a period of years know that when business activity 
is high their income from poultry and eggs is also relatively high. When the 
income of industrial workers is low the demand for poultry products is cur- 
tailed, and the poultry industry suffers accordingly. The very close relation- 
ship which exists between national income, farm prices for eggs, and egg 
consumption is shown in Fig. 203. Using 1924-29 as a base ( 100) and com- 
paring the more prosperous era of 1925-30 with the depression period of 
1931-38, it will be found that from 1925 to 1930 the average index of in- 
come for industrial workers was 99.5 and the index for income to farmers 
for chickens and eggs was 101.3 whereas from 1931 to 1938 these respective 
indexes were 67.4 and 63.6. It is apparent from these data that the economic 
welfare of the poultry raiser is closely associated with the income of industrial 
workers. During the war period, this relationship was particularly apparent. 

Labor Income from Poultry Raising 

Missouri farm flock records (Fig. 204) show that since 1919 poultry raising 
has returned a labor income every year and that the income per dollar invested 
in feed for poultry was erjual to or exceeded that invested in feed for other 
livestock. During the depression years labor income for all agriculmre was 
low. Records from California show that from 1938 to 1947 commercial egg 
flocks averaged 1928 hens and returned a farm income of $2.02 per hen or a 
total of $3914.76 per flock. 

The Poultry Plant Layout 

Tlie layout of the poultry enterprise on each farm must be adjusted to the 
farm and to the convenience of the manager. There arc, howe\er, certain prin- 
ciples of management \\hich apply to the plan for any poultr)’ enterprise. Tlie 
farm should be bid out so that labor can be utilized most efficiently and so 
that the best management practices cm be followed with a minimum of effort. 

General farm. Tliough poultry on general farms is usually given but little 
attention, the layout should be such as will encourage a sanitation program 
and make the best possible use of the Labor available Figure 20S sliows four 


Pounds of Feed 
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Rci. .1 different yarding systems fot laying 
,'S flocks. Such a plan comemplatK *e 
I yarding of the old stock and the 

170 growing of young stock on tree tan^ 

which is used only once eyery ^ee 
160 years, the chicks therefore being 
reared on fresh ground each 
1150 Commercial poultry farms- 

commercial poultry fam is quite gM- 
140 erally a one-man unit and the enm 
I farm is devoted to poultry raising 
130 -with a small acreage fot growing veg- 
etables and fraits. Figure 206 sho«s 
120 Uie layout fot a poultry farm wi* a 
capacity of 1,500 Uyers and facilities 

for brooding 3,000 chick each 
Fla. 202. Averoge number of laying *»•"* ftesh gfOUn . 

and rat. of lay p.r h.n. U. S.. 193I-1M2. broodct hoUSCS aXC J 

and tearing to maturity 1,200 

which axe housed as layers each falL For those who wish to use a , 

house, range shelters may be used instead of colony brooder hou^. 
ony brooder houses or the long brooder house could be used .® 

broilers during the winter months. Some poulirymen prefer to 
laying flock and use part of the laying house for brooding, placing the pu 
in range shelters after they no longer require heat. u Kl use 

Other poultry farms. The specialized broiler producer will probab f 
a long brooder house or the colony system of brooding. The birds 
given range or confined, depending upon the freedom of the range from 
e ase and parasites. The specialized poultry breeder may use the layout for 
cefnmprfial poultrynun, modifying it to provide additional range for rearing 
male birds. 



Selecting a Breed, Variety, or Cross 

The pouItr)maQ is confronted each year, or even each brood, with tb^ 
problem of selecting the kind of chickens to raise. The first consideration^ is 
the purpose for which the chickens ate to be raised, meat or eggs. Strains 
or crosses selected should produce the end product in the most 
manner. Table 91 shows the records of production and income from difler 
ent varieties raised by Missouri farmers. Labor income per hen was higb^^ 
for Rhode Island Reds, White Rocks, and White Leghorns. The WhiW 
Rock flocks were primarily hatchery supply fl(xks. New varieties or crosses 
should be given proper consideration but they should be tested before 
being accepted for commercial production. Producers are becoming 
disaiminating in their pur ch as es of stock and are demanding stocks that 
ate efficient producers of high quality poultry products. 
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inm^^WTll 




Fig. 203. Relotian of income to egg prices end contumplion. 


Probably more imporcanc than the choice of the breed and variety is the 
choice of a strain within the variety chosen. It is well to know the Sock and the 
breeding of the flock from which tlte stock comes. Most beginners give too 
little attention to seleaion of the strain they raise. The livability of the adult 
stock as well as of the young stock is important. Bgg produaion, egg size, and 
market quali^ of the stock should also be considered. 


Tabu 91 


COMPARISON OF BREEDS. MISSOURI FARM FLOCK RECORDS, 1951-1954 










Poultry: Science and Practice 



Fig. 204. labor (ncomo per Ken. 


Record Keeping 

Some system of keeplog records is essent'ul to the tnanagemenc of any busi- 
ness enterprise. Every poultryman -who keeps a fiock for pfoSr should at least 
^ simple set of records which will show the annual net profit or loss from 
the flock. A number of states through the Agriculniral Eittension Service have 
prepared record forms for flock owners who desire to know more about their 
poultry business. 

The coiMercial poultrymen should keep more detailed records which give 
mote specific information as to costs and income. The poultry breeder will 
need to keep the various records indicated in the chapter on breeding. Those 
who operate diversified poultry enterprises sbouJd keep records which show 
the relative profitableness of the different phases of the business. Ihe hatch- 
erymen should have a complete set of books which should be analyzed each 
year. •' 


Factors Itifiuettcmg Profits in Poultry Raising 


Profits in poultry raising ate dependent upon sound management praerfees. 
Several states have coUected and analyzed flock records to show the xeUtion of 
management ptamces to profits and income In poultry raising. The major fac- 
tors are reviewed here. ' / & j 


1? V,' is to rcra^n my sizable taconie 

m a.a ptodua, the flock most be of sufficient situ to do that. Records from 

I 1““' “ ^ 6“ ‘-'“s were t^uired 

e?" ““T P“ I"®'-- flocks avetag- 

g 1750 la)ets returned an annual labor income of $2831.36. 

YearJy egg production. High egg production is essential to a profitable 
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Fig. 205. ThflM diagrams show Four diRerent types of yarding orrongemenh A, single yards 
are often used with small flocks; B, by rotoiing the runs, more sanitary conditions ore assured 
ond more green feed provided; C, the fowr>yord system may be used either for the large 
squore house or the long rectangular type of building; D, the triple yording system Is especiolly 
suitable for the long rectangulor house. 

flock. Fig. 207 shows that annual egg production is closely related to the cost 
of producing eggs. Records coUea^ from Missouri flocks show (Table 93) 
ihar from 1934 to 1945 flocks averaging 101 to 125 eggs returned 56 cents 
labor income per hen while flocks averaging 176 to 200 eggs per hen returned 
$1.89 per hen. 

In Alabama in 1952 the relationship between average annual egg pro- 
duaion and labor income per bird was as follows: 

Less tbjn Cents 

150 eggs -0.8 

150-199 95.1 
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Table 92 


RELATION BETWEEN LABOR INCOME AND NUMBER OF LAYERS * 


Number of Farm* 

Number 

Labor 

laoDoie 

Labor 

Jacoine 

Per Hea 

Income for 
Each lucreaae 
.n Uyeri 

lecreaae 
io Return 
Per Hen 


145 

$ 264.82 

$1.83 


$i'.i6 


239 

373.93 

1.56 

$ 109.11 


350 

531.82 

1.52 

157.89 

1.42 


458 

782.52 

1.71 

250.70 

2.32 


543 

850.45 

1.57 

67.93 



638 

1041.29 

1.63 

190.84 

2.01 


749 

1356.00 

1.81 

314.71 



879 

1483.65 

1.69 

127 65 



1081 

1567.33 

1.45 

83.68 

.41 


1321 

1785.50 

1.35 

218.17 

.91 

IS 

17S0 

2831.86 

1.62 

1046.36 

2.44 




$1.61 


$1.53 



Table 93 


RELATION OP ECO PRODUCTION TO LABOR INCOME PER HEN 

(1934-1945) 


Averaje Yearh 

Egg Production 

Naobet 

FfocU 

Tool 


: Labor Income 
Per Hen 

100 or less . . ■ 

81 

$1.87 

$1.54 

$ .33 

101-125 

274 

2.46 

1.90 

j .56 

126-150 

487 

3.08 

2.23 

.85 

151-175 .. .. 

428 

3.71 

2.41 

1.30 

176-200 

229 

4^ 

2.79 

1.89 

201 or over 

85 

4.4S 

2.61 1 

1.84 

All Flocks 

1584 

$3.49 

$2.33 

$1.16 


Fall egg ptoduaion. Farms where fall egg production is high are more 
profitable than those where the fall production is low. Washington records for 
1945 show that flocks widi a fall lay of less than 34 per cent returned a labor 
income of $2.33 per hen as compared to $3.50 for flocks having a fall lay of 
over 54 per cent. 

Percentage of pullets in the flock. Within recent years the Idea of all- 
pullet flocks has been gaining. The advantages are: { 1 ) Pullets lay more eggs 
than older birds. (2) They lay more fall eggs when eggs are higher in price. 
(3) The control of mberculosis is improved. (4) Carry-over of disease in- 
fection is reduced. (5) Housing is simplified. The disadvantages are: (1) 


N. H. Sta. Ore 75. 1947. 
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Fig. 206. Commercial poultry form layout. 

More chicks must be started each year which means more labor and expense 
for flock replacements. (2) More brooding and rearing etjuipment is needed. 
(3) Many produaive and profitable hens must be marketed. Records kept in 
Iowa (Table 94) indicate that die general farmer would have a more profit- 
able flock if all-pullet flocks were kept. Records from Indiana and Washington 
show that a high percentage of pullets in the flock was associated with higher 
labor income. 

Mortality. To be profitable a flock must have a low death loss. The relation 
of mortality to labor income per hen as reported for flocks located in New 
Hampshire as presented in Table 93 shows that in depression as well as in 
more prosperous times the profits returned were closely related to the per- 
centage of mortality cxpcricncd by the flock. 

Use of labor. The most efficiently organized and managed poultry farms 




ftr h^n 

Fig. 207. Th« rtlalton o( production per hen and ecu of producing cgg»- (From Virglme Agri* 
cultural bpcriflicnt Stolien BulUtiir 300/ 1936.) 

return the highest labor income. Tabic 96 shows the results of studies made 
in New York suce on the relation of labor efficiency to costs and returns. 
These studies showed chat the better poultrymen produced eggs for less 
than one half the cost of the less efficient producers. 

Attention has recently been focused on labor saving devices which are ur- 

Table 94 

COSIPAKISON OF ALL-PULLET AND MIXED FLOCXS * 


Number of birds in flock j 

Average cg^s per hen . . 

Per cent mortality oflaying flock I 

Investment per ben I 

Expense per ben 

Pounds of feed per hen . . . 

Average price rec’d. foreggs . 
Averagecostperdozeneggt , . 

Net income except labor 
Net income per ben except labor 
Net income per hour for labor . 

Days labor (10 hour day) 


AH-PulUt 

Flock 

Mixed Hea and 
Pullet Flock 

2S6 

293 

194 

167 

20.7 

27.4 

4.22 

4.28 

3.85 

3.70 

106.2 

97.3 

.42 

.42 

.237 

.265 

498 67 

283 02 

1.95 

.96 

1.80 

.80 

27.7 

35.3 


Iov,a Agti. Ext. Serrice, 760. 
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Table 95 


RELATION OF ADULT MORTALITY TO LABOR INCOME PER HEN * 


Per Cent Mortality 

1 Labor Income Per Hea 

1932-35 1 

1936-41 

1942-45 

1932-35 1 

193641 

1942-45 

21.9 

17.9 

17.9 1 

$ .84 1 

S .78 

$2.29 

13.2 

12.8 

9.9 ' 

1.20 ' 

1.42 

2.73 

8.8 1 

8.8 

6.8 1 

1.4S 1 

U9 1 

3.08 

4.9 1 

3.3 

1 

1.SS 

1.74 

3.99 


Table 96 


RELATION OF LABOR EFFICIENCY TO COSTS AND RETURNS 

(Farms matched for rates of production) * 


Itijh 

1 LicqTBacEss 

1 H&avt Bkecss 

Lett than 

2.2 boura 
per layer 

2.2 houn 

per layer 
and more 

Lett than 

2.2 hourt 

2.2 hour* 
per layer 
aoi more 

Number of farms 

41 

40 

21 

25 

Number of layers 

1410 1 

851 

855 

379 

Eggs per layer 

176 1 

175 

174 

175 

Percent mortaliiy 1 


15 

15 

22 

Minutes of labor per dozen eggs . . 

6.3 1 

12.2 

6.9 

15.8 

Cost of labor per dozen eggs (eencs) ; 

6.8 

12.7 

7.0 

16.7 


CfntJ 


Cose per dozen eggs 

50.1 

59.4 

49.2 

61.9 

Returns per dozen eggs 

( 55.2 

55.4 

50.9 

50.7 

Profit per dozen eggs 

.| 3.1 

-4.0 

1.7 

-11.2 


gently needed on most poultry farms. The drudgery of caring for poultry 
needs to be eliminated. 

^^a^keting. It is cvidenc that other factots being the same those receiving 
the highest prices will have the highest returns. Indiana reported the results 
given in Table 97 w’hich show that those producers who received in I945--46 
4l to 51 cents per dozen for their eggs had a labor return per hen of more 
than 6 times that of producers receiving 32 to 38 cents per dozen; $1.24 to 
19 cents. 

Efficiency in poultry farm management. The efficient producer will al- 
ways find poultry raising profitable because there are always so many ineffi- 
cient producers who ate marginal and therefore have to discontinue poultry 
raising when prices become unfavorable for them. Possibly no other dass of 
livestock is so sensitive to changes in management as poultry*. 

*N. H. Sta. Gtc.75. 1947. 

^ CotoeU BuL 864. 
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Tabu 97 


PRICE RECEIVED PEE DOZES EGOS RELATED TO VARIOUS FACTORS OS 100 
FARil FLOCKS IN CENTRAL INDIANA, 1945— *6 • 




■■i 

Itea 




f f 

55 

35 

1 30 

TS . *1 T... . . ...• /......N 

34 

39 

44 


152 

162 

155 


103 

98 

103 


127 1 

m 

f74 


13 1 

11 

11 


92 

91 

93 


3.1 

3.1 

2J 


19 

104 

124 


.05 

.43 

.6‘ 


— 


Misner and Lee b 1937 outitoed an efficiency program for New York pc«d- 
try farms as follows: 

Favorable ihe of businesa 

1. An average number of 1,500 birds or more. This necessiutes ik® bousing 
of more 1.800 layers in the fall. 

2. Annual egg production of more than 18.000 dozens. 

3. Combioauoo of chicks and puUeu to sell, with inarket*egg production. 

4. As little capital as necessary to provide a favorable size of business. Usually 
$10,000 or more is required. 

Good rate of productho: 

5. Egg pr;^uctioa of more than 150 eggs per hen, based on the average number 
of birds for the year. 

6. More chan 25 per cent production during October-Decembec. 

7. Hatchabiliry of more than 60 per cent of total eggs incubated. 

8. Successful rearing of mote than 80 per cent of the original number of chicks. 

9. Mortahty of less than 20 per cent of the origmai number or less than 25 per 
cent of be average number of layers. 

10. Value of eggs more than double the laying.flock feed costs. 

Diversity or balance of the poultry enterprise: 

11. More than 20 pet cent of the income from the poultry enterprise derived 
from the sale of pullets and chicks. 

Efficiency in use of labor: 

12. More than 1,000 layers per man. 

13- A gross income of more than $5,000 per ma n 

14. A labor charge, including the value of operator’s time, of less than 25 
cent of the receipts. 

Eficsrncy ta uie of capital: 

15. A rapid capital turnover, reqniriog less than two years for tec^prs to equal 
capital 


Purdue S- B- 531. 
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T/je Cost of Vrodttchtg Eggs 

The cost of producing eggs is highly variable and depends upon a num- 
ber of factors. Costs determined at any time and place have only relative 
meaning when considered at other times and for odier regions. The cost of 
producing eggs in New York state from 1926 to 1952 are shown in Table 
98. Feed costs were the highest cost for each of the years and for the 27 
years averaging 54 per cent of the net cost of producing eggs. 


Table 98 



California egg produaion costs during 1938-1947 are summarized in 
Table 99. 


Flock Keplacemcnt 

Chickens are short-lived animals and their profitable life is limited. There 
is a greater turnover in the poultr)' flock than in any other livestock enterprise. 


* Cornell BuL 897. 
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PULL E T 

C ( 

) s 

T . 1 

T E 

M S 



COST PER 

PERCENT OF TOTAL 

COST 


PULLET 

10 20 30 40 50 60 

FEED 

$0,929 


3 


■ 

CHICKS 

0.447 

^ 

28.9 




BUILDINGS and EQUIPMENT 

0.059 


■■ 





FUEL 

0.026 


mm 





MISCELLANEOUS 

0.039 







TOTAL 

Si. 500 









Fig. 208. Averag« cash costs of raising pullets for egg production on 34 Iowa forms. (Iowa 
Demonstration Flocks, 1952—1953.) 


In most flocks more than one-half the birds are replaced each year and in many 
flocks 100 per cent of the layers are replaced annually. The cost of growing 
pullets to renew the flock is a relatively important item for all poultry produc- 
ers. According to records compiled by the Iowa Agricultural Extension Service, 
from 34 demonstration flocks feed cost in 1952-53 represented more than 
IjO per cent of the cost of raising pullets. The actual costs and relative 
coses shown in Fig. 20S show that the cash cost of raising pullets was 
$1.50 per bird and that feed and chick costs represented more than 90 per 
cent of the cash costs. 

Wright reporting Michigan results listed six major factors as affect- 
ing the cost of producing pullets: (1) feeding efl5ciency, (2) death losses, 
(3) cost of baby chicks, (4) breed, (5) hatching date, and (6) number of 
chicks raised. 

Feeding efiflciency. Tabic 100 shows that it cost some farmers 50 per cent 
more for feed to grow pullets than other farmers. These figures suggest that 


Tabu 100 

RELATION OF FEEDING EFFICIENCY TO PULLET COSTS, 1931— 55 * 


It™ 

1 Pooxv* Fees pee Pouxo op Poultet 

4.5 or Lc*i 

4&-5.5 

S.6 Up 

Number of farms 

130 

112 1 

74 

Math per pound poultry produced 
Obs.) 

2.S 

3.1 

4.4 

Mash and scratch per pound p>ouUry 
(Ihi.) 

3.8 

5.0 

6.4 

Feed cost per pound poultry 

C.0i 

8.4if 

10.5^ 

Total cost per pound poultry 

H.4 

17.6 

21.7 

Average batching dale 

Apr. 19 

Apr. 14 

.\pr. 12 

Average death loss (per cent) 

14 

14 

18 

Net cost per pullet 

4A^ 

S9<l 

74f 


* Mich. Agr, Expt. Su. Spec Dul. 294. 
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some farmers are more efficient feeders than other farmers. The most efficient 
were able to grow pullets at a feed cost of 46 cents per bird as compared to a 
feed cost of 74 cents per bird for the least efficient. Possibly a better 
pastures and less waste of feed account for most of tite difTcrence in the feed 
cost of raising pullets. 

Influence of mortality on cost of producing pullets. Disease and para* 
sites not Only lower the cjuality of the pullets produced but they also inac^ 
the cost of producing pullets. The rebtion of mortality among the growing 
stock to pullet cost is given in Table 101. Mortality in the young stock on 
these Michigan farms varied from practically none to 40 per cent, with an 
average of 15 per cent. Farmers who conuolled moruHty losses not only re- 
duced pullet costs significantly but the quality of the pullets raised was supe- 
rior to that of pullets raised in flocks where mortality was high. The Michigan 
study showed ffiat flocks which had high mortality in the )oung stock also bad 
heavy losses from mortality in the adult stock. 

Tabu 101 

INFLUENCE OF MORTALITY ON PULLET COST, 1931-55 


Pu CtsT L«>* 


m 

laOceLnt 

10.1*».0 

0.1 Up 

Number of farmi 

111 

136 

69 

Per cent having cUaa ground 

53 

1 M 

51 

Number of chicLt tuned per farm 


702 

651 

Chicken* died (per cent) 

7.0 

14.0 

27.7 

Average hatching date 

Apr. 20 

Apr. 15 

Apr. 9 

BabF chick cost per 100 . . 

$7.9f 1 

SS.4S 1 

S8.0i 

Broker floor space per 100 chicks (tq. ft.) . 

39 ' 

3S ' 

37 

Cost per pound poultry produced 


17.2^ 

19.1^ 

Net cost per puUet. . 

S3 

S7 

65 


Cost of producing Leghorn pullets. The cost of raising pullets in 
recent years has continued to tnerease while the sales value of the hen has 
declined, so that the cost of flock repbeements has become a very impor- 
tant item in the cost of producing eggs. Studies made in New York state 
(Table 102) show that from 1942 to 1953 the cost of rabing pullets 
varied from $1.20 to $2.24 bird. Feed represented about 50 per cent of 
the total costs; labor and chicks each represented about 20 per cent of the 
total costs. When hens are low m price most of thb repbeement cost must 
be charged as cost in producing eg^. 

Relation of hatching date to cost of producing pullets. A general db- 
cussion of time of hatching b presented in Oiapter Seven. It was mentioned 
there that pullets could be produced at a lower cost during the summer than 
during the winter. The Michi^ Agricultural Experiment Station has ob- 
tamed rec ords on the cost of rabing pullets which were hatched on the general 
Mich. Agr. Expt. Sia. Spedal BuL 294. 
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COST OF RAISING LEGHORN PULLETS FROM SEXED PULLET CHICKS, NEW 

YORK STATE, 1942-53 



Il»7cei'<c Date or Bast Chices 



1 Mitch 

April MS 

April I6~30 

M.r 

Number o{ farms 

1 

94 

79 

SO 

Average hatching date 

.Mar. 17 

Apr. 7 

Apr. 23 

.May 10 

Number of chicks per farm 

711 

819 

546 

566 

Chickens died (per cent) 

16 

15 

14 

13 

Baby chick cost per 100 

$9.39 

SS.47 

$8.00 

S6.6S 

Broiler income per 100 chicks 

15.06 

14.25 

1157 

ia36 

Labor hour* per ICO chicks 1 

31 

30 

29 

25 

Cost per pound poultry 

18.8^ 

I7.6il 

V2i 

IS.Od 

Net cost per pullet 

63 ^ 

CO 

S3 

49 

Estimated value of pullet 

S4 ! 

83 ' 

79 

74 


The rclatioa of cost of chicks to pullet cost. The hfichigan data for 1951 
to 1935 showed that the chick cost was 21 per cent of the total cost of proJuc* 
ing pullets. The average price paid for chicks was $8.67 per 100. It was more 
profinble for Michigan farmers to purchase chicks than to produce them, 

Mich. Agr. Eapt. Sta. Spec DuL 29-1. 

‘*Mich- Agr. Expt- Su. Spec. DuL 294. 
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since those who purchasea chicks had flock aserages of IM eggs F' ^ 
eomn“3 to 147 eggs per bird for .hose flocks where the ch.cks were hatArf 
on L farms. Medfum'^riced chicks were more profitable *an cither 

^'Retaion of number of chicks raised to the 

As long as the farmer has at least one brooding unit of chicks the cost p 
ducing^pullets is appatently at a minimum. Table 104 shows that thcr 
no significant difference in the cost of raising ““"“farmers 

400 to 800 chicks or mote than 800 (an average of 1,376). Tho« totnm 
who started less than 400 chicks had higher labor costs but only slighuy 
higher costs of ptodualon than those who smrtcd larger numbers otcnicics 
Evidently with the colony brooding system the small producer who as on 
brooding unit can produce pullets as Aeaply as the larger producers. 


Table 104 


1>'FLUEJ»CE OF NUMDER OF CHICKS ON PULLET COST, 1931-35 ** 


iTtK 


Number of farmi. 

Average number of cblckt per farm 

Chicken* died (per cent) 

PulleU per 100 chick* 

Feed fed per pound poultry Ob*.) 

Labor charge per 100 chick* 

Buddings and equipment charge per 100 chick* 
Net cost per pullet 


Ni-vaia or C»tc*i ST*»T*e 

Ik^25I] 

401to££0 

feOlwKlOrtf 


183 

63 

282 

535 

1,376 

16 

14 

15 

43 

40 

37 

4.7 

4.8 

S.0 

$7.77 

$6.14 

&4.K) 

2.82 

2.22 

2.46 

.64 

.56 

.58 


Management Practices Related to Profits 
in the Broiler Industry 

Specialiaed broiler production has developed within recent years into an 
important business in several states. Profits realized by the growers are highly 
variable from season to season, year to year, and between individual produc^ 
(Fig. 209). An analysis of records kept in several states shows the relation 
of a number of practices to the profits realized by the grow'ers. 

Costs in producing broilers. The cost of producing broilers in variable but 
an examination of some average costs (Table 105 ) from 120 lots of Dela- 
ware broilers shows that feed represents more than 70 per cent of the cost 
of producing broilers, chicks another 11.7 per cent, and labor 7.4 per cent. 
These three items of cost were 92 per cent of the cost of producing broilers. 

The factors found to be rebted to profits in the broiler business will be 
discussed below. 

Size of enterprise. The Debware Station reported (1947) that the mint* 
mum size flock from which the producer may expect a reasonable return was 


Mich. Agr. Ezpc Sta. Spec. BuL 294. 
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Ftg. 209. Profit and lost in lh« broilvr bwMnou. (Maryland Agriculturol Experiment Station 
Bulletin 410.) 


from 20,000 lo 25,000 broiJexs. (Tabic i06.) This was considered a two-man 
ilock. More recent developments with labor saving devices would indicate 
that one man could handle that number of birds. 

EiScicnc use of feed. Since feed represents almost ihrcc-founhs of the 
cost of producing broilers, it is most important that feed costs be held to a 
minimum cost per pound of broiler produced. The Delaware results {Table 
107) show 31 per cent ^'a^iation in the feed required to produce a pound of 
glia bctv,ccn two groups of growers. There were greater differences between 
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Table 105 


ITEMIZED COSTS OF PRODUCING 120 LOTS BROILERS 
IN DELAWARE, FEBRUARY l-SEPtE^lBE*^ ID, IV40 



PuLot 

P» 1,000 BcoiLiu 

Itch 

DolUci 

DolUit 

Per Ceot 


7,079 

650 

72.9 

Chicks 

I 1.178 

1 104 



1 7U 

66 

7.4 


241 




1S8 

14 

1.6 

Building costs { 

122 

11 


Equipment costs t 

113 




61 

6 


Misc 

92 

8 

0.9 

Total 

9,708 

891 

100.0 


* Valut of op«r(ur'( time, (aimlr labor, and btred tabor. 

i Druga, Taecinea, aad tabor a4mia>ttcno( vaccioc*. 
Repain, depreeiacioo, loiuraixe, aod tAiemt «» capiuL 


Table 106 

INFLUENCE OF NUMBER OF BROILERS PER LOT ON COSTS AND 
PRODUCING BROILERS IN DELAWARE, FEBRUARY 1-SBPTEMBER 15, 1946 



1 




Cost* t 1 

Ner Rcrvaxsl 

Baotsea* Psi Lot* 

Loti 

Psa 

Witc 

TAirfT 

Per 

Pouad 

Per 1.000 
Broileri 

Per 

Lb. 

Per IfiCO 
Bioilen 

Range 

Av. I 

No. 

Lbs. 

% 

c 

$ 1 

c 

$ 

0-9,349. 

6,768 

28 1 

01% 

15.5 

31.6 

954 1 

2.8 1 

86 

9,350-15,349. 

1 12,134 

27 

0.205 

11.8 

30.2 

890 

3.2 


l5,3SO-over 

20,570 

28 

0 201 

11.9 

29.2 

903 

5.2 

169 

Tot. or av. 

I 13,170 

83 

0.199 

13.1 

30.3 

916 

3.7 

118 


t IncludiPg value of operator'! time 

i Total leturca let, total ezpenaea iDcIuding value of operatpr'a bme. 

Seibfnile rod Dagrboio areaa. 

individual growers. Much of this difference was no doubt due to the strains 
raised, but much of it can be attributed to management practices on the farms- 
Price of chicks. That cheap chicks are less profitable than more expensive 
chicks for producing broilers was also shown by the Delaware study (Table 
108) . The price paid for chicks indicated their quality. The cheap chicks grew 
more slowly, required more time tt> reach marker size, experienced higher 
moruUty, and requited more feed per pound of gain than the chicks that cost 
more as baby chicks. 

DeL Agr. Expe Sa. Bui. 270. 1947. 

“ DeL Agr. Expt. Su. BuL 270. 1947. 



Table 107 


RELATION BETWEEN FEED PER POUND OF BROILER AND COSTS 
AND RETURNS IN PRODUCING BROILERS IN DELAWARE, 
FEBRUARY 1-SEPTEMBER 15, 1946 



0-4A 4.2 28 14,627 0.204 14.7 9.6 0.65 27.5 5.6 177 

4.S-I.9..... 4.7 30 11,033 0.200 15.0 12.5 0.83 30.0 903 4.3 130 

5.0-orer... 5.5 25 14.102 0.190 15 8 17.6 1.11 35.8 1,019 0.9 38 

Tbcorav... 4.8 83 13,170 0.199 15.1 13.1 0.87 30.3 916 3.7 118 

* Number itarted. 

1 Including value of operator’i time. 

t Total recurn* let* total eipenie* loduding value of operator’* tune. 

Selbyville and Dagtboro areai. 

TahU 108 

INFLUENCE OF PRICE PAID PER CHICK ON FEED CONSUMPTION, RATE OF 
GAIN, AND MORTALITY IN PRODUCING BROILERS IN DELAWARE, 
FEBRUARY l-SEPTEMBBR 15, 1946'^ 



Del Agf. ExpL Su. DuL 270. 1947. 
“Del Agf. Expe. Sti. DuL 270. 1947. 
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Use of labor. Since labor is one of the major costs in ptodncing broilers it 
is important that it be used most cfficiendy. The Delaware taults ( 

109) show that net returns per 1000 broilers were closely related to the num 


Table 109 

INFLUEltCE or NUMBER OF BROILERS PER MAN ON COSTS AND RETURNS 
IN PRODUCING BROILERS IN DEL/VWARE, 

FEBRUARY 1-SEPTEMDER 15, 1946 


BaoiLEU Pea Me* • 

lAT. 

BlOILU* 

Pea 

Lot* 

CaiH I 

Pea 

Week 1 

Moa> 

TALITV 

CoiT 

Pu 

POUKO 1 

Nrr Ri 

Per 

U>. 

Per 1.000 
BroiUr* 

Range 

Av. 1 

No. 

No. 

19 

% 

c 

c 

$ 

0-7,999 . . 

8.000- 9,999. . . 
10,00&-11,999. 

12.000- over.... 

6,787 ^ 
9,018 
10,906 
13,195 

29 

28 

39 

24 

8,7% 

10,022 

14,314 

16,741 

0.208 1 
0.205 
0.207 
0.201 

12.0 

13.7 

13.1 

14.1 

30.2 

29.6 
29.0 

25.6 

3,9 

4.2 

4.8 

6.0 

118 

129 

143 

199 

Tot. or av 

1 9,977 1 120 

1 12,464 1 0.203 

13.1 

29.6 

4.7 

147 


tIi>etudjcigv»lu«of 

^Totkl rcturnt tottl exp<at<« laciudiog vtlu««i eptratort ume. 

Table no 


INFLUENCE OF MORTALITY ON COSTS AND RETURNS IN PRODUCING 
BROILERS IN DELAWARE, FEBRUARY 1-SEPTEMBER 15, 1946^* 


MaxTALirr 

Lot. 

BeoiLtM 

Pm 

Lot* 

Gaiu 

Pm 

Weeu 

Ace 

OtJT” 

Feu>P» 
L>. or 
WeicBT 


Ner «nvM» t 

Pm 

La. t 

Pe^ 

Pr 1.000 
BPlera 

Range 

A., 

No 

No 

LU 

Wka 

Lbi. 

c 


$ 


Lota anih 10,999 brmlera per lot and leai * 


59 

15 

6,709 

0 218 

14.2 

4 55 

28 4 

5.4 

170 


12 0 

19 

7,815 

1 0.208 

1 >4 4 

4 76 

i 29.8 

50 


ISO-over . 

21.4 

26 

7,472 

! 0.193 

\ ISO 

5.02 1 

31.7 

1 


Tot.orav. .. 

14.5 

60 1 

1 7,390 1 

0 203 ^ 

1 14 6 

1 4 81 

1 1 

\ ' 

122 




Lota witli 11,000 broilera per lot and 

Imore* 




65 

29 

16,830 

0.208 

144 

446 


7.5 

228 

90-149 . 

114 

18 

18418 

0.207 

15.9 

465 

29 8 

5.1 


15 O^over 

240 

13 

17,766 

0.182 

1S.4 

5 02 

316 

0.8 


Tot. or av. 

U 8 

60 

17,539 

0.203 

15.1 

4 62 

29 0 

5.3 

171 

Tot orav all 










gr'pe 

13 1 

120 

12,464 

0.203 

14.8 

4.68 

29.6 

4.7 



*Number tUrted. 

i lficludtog value o( opeiator’e Ume. 

Total returot leal total expeoaea loclodiiis value ol operatoi'i tune. 


“DeL Agr. Expt. Sta. Bui. 270. 1947. 
*• DcL Agr. Expt. Su. BuL 270. 1947. 








Del. Agf. Cxpt. Sta. Uul. 270. 1947, 
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ber of broilers cared for per man; $199 per 1000 broilers when one man 
cared for 12,000 or more broilers but only $118 per 1000 when one man han- 
dled less than 8,000 broilers. 

Mortality. It is apparent that heavy mortality among broilers will result 
in loss instead of profit. Actual records kept in several states bear this out and 
show that mortality must be kept under 15 per cent if the broiler enterprise 
is to be profitable. Table 1 10 shows that Debware growers who raised over 
11,000 broilers per lot and had less than 9 per cent mortality made more than 
6 times as much profit per 1000 broilers as those growers who experienced 
more than 15 per cent mortality. 

Age and size when ready for market. It is evident that birds which reach 
market size at an early age will be more profitable than those that grow less 
rapidly. Table 111 shows the relation of the age "loaded out" to costs and 
returns. Broilers weighing 3-0 lbs. at 14-15 weeks were the most profitable- 
Data from Afaryknd (Table 112) also show that broilers should noc be 
sold until they weigh three pounds or mote. 


Tabu 112 

AVERAGE WEIGHT OF BROILER AT SALE RELATED TO COSTS AND RETURNS 
AND OTHER FACTORS, UTAH, 1951-1952 


Arer<<« "t. it <ilc 

(mo**) 

Art, 


to' 

at sale 

coavmxiB 

Feed 

Toul 

i' 

Net 

mura* 

Us. 

Us. 

Uo. 

Days 




Cents 

Less than 2.8 

2.6 

12 

81 

3.6 

20 

33.5 

-1.8 

2.8—2 9 

2.9 

32 

78 

3.3 

18 

31.4 

-0.2 

3.0— 3.1 . . 

3.1 

41 

78 

3.3 

IS 

30.9 

-0.4 


3.3 

26 

83 

3.3 

18 

29.4 

1.1 

3.5 and over 

3.7 

17 

97 

3.? 

20 

32.2 

-2.1 

All lots 

3.1 

128 

82 

3.4 

18 

30.9 

-0.3 


Space. Crowding is conducive ro slower growth and increased costs. How- 
ever, maximum use should be made of floor space and most records indicate 
from .7 to 1.0 square foot per broiler should be allowed. 

Breed. The performance of the strain or cross is most important in 
determining profits in broiler production. Growers are demanding strains 
or crossK bred especially to make efficient gains. They must produce a 
pound of live broiler for less than 3.0 pounds of feed They must also 
gro^o acceptable market birds both as live and dressed bids. 

“Utah Exp. Sta. Bui. 359. 
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TMe 113 


CASH COSTS AND OTHER DATA FOR 141 BROODS OF BROILERS (MORE THAN 

600,000) RAISED IN MISSOURI, 1949-51 


Item 

Be*t 

Third 



No. of birds per brood 

4,I0S 

4,191 

5,214 

Mortality (per cent) 

4.8 

S.3 

10.2 

Age when sold (weeks and days) 

10-4 

10-5 

11-3 

Sq. ft, of floor space per bird 

.78 

.73 

.76 

Feed per lb. of broiler (lbs.) 

2.93 

3.24 

3.73 

Feed cost per Ib. of broiler 

I4.2(f 

4S.I^ 

16.U 

Chick cost per lb. of broiler 

Md 

4.9^ 

s.\i 

Other cost per Ib. of broiler 

1 l-W 

1.2|i 

lAf 

Total cost per lb. of broiler 

1 20.0(f 

' 

23.3^ 

Weight per broiler when sold (lbs.) - . 

1 2.90 

1 2.92 

1 2.98 

Price per Ib. of broiler 

28.Sff 

' 28.7ji 

' 26.6i 

• Net cash per bird 

1 24.6^ 

1 22.4|1 

lQ.it 

• Net cash per lb 

8.SI 

7.« 

].3i 


* Tlie "act eatV figurn >bow tb< cmouat left to par (or labor. lOterat oa invcatneat, depredation on 
building* and equiptncnt. taae*, etc.— after deducting all caib eott* from rtiumt. 


The Hatchery Business 

The hatchery business of the United States has in recent years become an 
important branch of the poultry industry. The Maryland Agricultural Ex- 
periment Station in 1939 and die United States Department of Agriculture 
in 1935 reported economic studies of this industry. Table 114 summarizes 
the costs and proSts of 110 Maryland hatcheries for 1936 to 1938. 

Poffenberger and DeVault, authors of the Maryland report, list the follow- 
ing faaois as influencing profits in the hatchery business: (1) gross income 
and cost, (2) efficiency in rhe use of fuel, (3) efficient in the use of labor, 
(4) investment, (5) egg cost, (6) hatchability of eggs, (7) source from 
which eggs were obtained for hatching, (8) premium paid for eggs, (9) 
number of chicks hatched, (10) hatchery capacity and capacity utilized, 
(11) selling costs, (12) cost of allowances, (13) length of the hatchery op- 
eration, and (14) marketing praaices. 

Volume of business. As in alt industries there is a minimum volume of 
business necessary before profits can be realized in the hatchery business. 
Under Mar)'land conditions (1936-38) the most profitable hatdicrics ($3600 
per jear) had an average output of 120,000 chicks per )ear and the least 
profitable (loss of $307 per year) produced about 30,000 cliicks annually. 
The relation of number of chicks hatched to profits realized by hatcheries is 
sliown in Table 115. Hatcheries which produced a large number of chicks 

^Mo. Agf. Exp. Sta. DuL 113. 





Tabu 114 


SUMMARY OF COSTS AND PROFITS IN THE HATCHERY BUSINESS 

(Two-year Average, 1936-38) ^ 


Item 

A»«*fe 

cdAll 

lUubcries 


Arrnce 
of Mott 
Profitable 
IlilcfieriVi 

Avn(|« 
of Lesit 

Profiubk 

IftufirrKt 




27 

112,845 

7,183 

72.6 
$ 4,826.88 

28.4 

S 8,412.36 

27 


109,392 

7,536 


29,894 

4,035 

Number of chicks custom hatched. .... 



SS.119.S6 

38.4 

57.750.82 

S27.S2 

394.16 

248.18 


$3,654.64 

40.8 

$1,959.95 

125.52 

277.64 

I17J9 

Hatchery investment as per cent of total 


Income: 

Value of puKorum-tested chicks sold. . 
Value ot non-pullorum-tested chicks 

$7.62 

.55 

.40 

.24 


628.76 

219.44 

Income from custom hatching 






Costs: 

General expenses: 

Fuel 





Light, water, disinfectants and 
misc. 

48.04 

.04 

67.16 

29.89 

Hatchery overhead: 

Taxes 

f 22S.S6 

$0.22 

$ 214.46 

$ 128.74 


^ iron 


i 60.BJ 
20.41 

’ ??'f} 






241.22 

7.68 


350.22 

217.43 

9.15 


Office supplies, nuse 

’.01 


Labor: 

Hired 


$0.72 

$ 658.01 

$ 190.65 

356.40 

$ 463.04 

Familv ... 

432:98 

.43 

251.13 

Selling Cbsc: 

Advertisine . 

Telephone and telegraph .... 
Transportation ftmckl 

Fzpress and careel nost 

Stamps, stationery and muc. 

S 687.32 

$ 116.12 
30.82 
87.94 
43.18 
29.26 

S0.68 

SO.ll 

.03 

.09 

.04 

.03 

5 547.05 

5 75.89 

16.41 

38.63 
38.39 

13.64 

$ 394.43 

$ 38.93 
. 24.54 
69.87 
4.96 
1009 

Total 

AlJowances; 

Value of extras. . 

5 307.32 

$0.30 

$0.19 

.04 

.05 

$ 182.96 

5 148.44 

5 55.54 

41.64 
30 28 

Replacements . 



Bad debu . . 

S2.06 

46 00 

Cost of egBs 

5 289.S6 

$0.29 

$4.44 

$0.13 

$0.06 

$0.13 

$6.97 

$1.84 

3S.S 

S 303.02 

5 127.46 
$1,300.58 

S 49.30 
$ 21.88 
$ IS3.6> 
$2,787.52 
—$307.02 
—8.4 

Cost of containers 

Cost of breed iatprovemeaf . . 

Cost of custom hatching 

Total hatchery cost 

Toul net profit or loss ‘ ' . " ’ 

Per cent return on investment 

$ 132.52 
« S8.2i 
$ 132.42 
$7,07Z79 
51,887.89 
36.9 

$ 117.35 

$ 67.72 

$ 90.39 

S 7,174.81 
$ 3,635.85 
75.3 


Md. Agr. Eipt. Sta Bui. 410. 
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Table 115 


RELATION OF NUMBER OF CHICKS HATCHED TO PROFIT 

(Two-year Average, 1936-38) 




NiniBca or Caicu Hatcbeo 


OF Ail 
Hatch LMU 

Itxu 

9.999 

Uader 

10,000 

to 

19.999 

20.000 

1 to 
' 39,999 

i 40,000 
to 

' 79.999 

so.ooo 

and 

Ovtt 1 

Average number of 
chicks hatched per 
hatchery 

i 4.974 

i 

13,951 

30.598 

57,482 

372,228 

116,928 

Number of hatcheries . . 

25 

19 

20 

20 

26 

110 

Average per hatchery: 

1 






Income 

5504 

$1,100 

$2,658 

54,222 

$30,704 

$8,960 

Cost ' 

550 

1,036 

2.185 

3,425 

23.896 

7,072 

Profit 

-46 

64 

473 

797 

6.808 

1,888 

Average per 100 chicks 
hatched: 

Income 

510.16 

57.88 

58.68 

$7.34 

$8.24 

$8.38 

Cost 

11.04 

7.42 1 

7.15 

5.95 

6.42 

6.62 

Profit 

-.88 

.46 

1.53 

1.39 

1.82 

1 1.76 


not only had more total profit but they also had a higher pro£t per chick than 
did the hatcheries widi a smaller output ^^yland hatcheries with ao egg 
capacity of 80,000 ot more realized very good profits per hatchery, but those 
having less than 40,000 egg capacity realized an average annual income of 
from $78 to $1025. Capacity must be utilized to return a profit The total egg 
capacity of a hatchery should be utilized at least two times and preferably 
more often during the hatching season. The average rate of capacity utilization 
in the United States during the 1934 season was 2.7, while in ISM3 an average 
of 467 eggs was set per 100*egg capacity. 

Those hatcheries In position to extend the hatching season and thereby in* 
crease the utilization of their capacity and reduce the overhead charges per 
chick can realize more net profit than those less favorably located or operated. 
Tlie Maryland results show that profits were directly related to length of 
season. Hatcheries which operated less than ninety days realized very little 
net profit. 

Egg cost. Egg cost of producing chicks for the United States in 1934 was 
50 per cent of the total cost of produaion. Kg. 210 shows the percentage 
distribution of costs of producing and selling chicks in 1951 by a mail 
order hatchery. Tlie cost of hatching eggs w-as 56.4 per cent of the total 
cost. Tlie Maryland study showed that those hatcheries whidi paid the high- 
est premiums for hatching eggs also realized the most profit per hundred 
diicks because by selling tjualiry chicks they were able to command a price 
which more than compensated for the extra cost of producing the chicks. 


'* MJ. Agf. Exp. Su. Bui. 426. 






502 


Poultry: Science and Practice 

Mo,, Hatdubiliiy is an important factor 

determining the egg cost of chicles. 
With eggs costing 30 cents per dozm 
Xc.sxn=3'‘/^^.SS:' the cost of producing chicks t^ ^ 

\ I reduced 51 cents per hundred by to- 

/<!io 9 e\ \ I /// \ aeasing hatchability from 65 per cent 

/ \ Proper 

'loix \ flock supervision will more than pay 

I ^ ^ I for its cost by improving hatching re- 

. . . 

\ 5 S. 4 X / Labor cost. The efEcienc utilization 

\. y/ of labor b a problem for hatcheries 

because of the seasonal nature of the 

..... , . worL Hatcheries with relatively large 

Fig. 210. Pcreenloge diifribution of lh« , , 1 

, 0.1 ol prod.ci.g O.d «lli,g beb, d,;,k.. Capacities which operate 
19S1. {American Poultry and HoUhery lOQg Season Can USC labor mOSt 
Federation.) tivcly. The most profitable hatcheries 

reported in the Maryland study h^ ^ 
average labor cost of 46 cents per hundred chicks hatched as compared to 
$1.53 for the least profitable hatcheries. The average labor cost for Maryland 
hatcheries was 68 cents per hundred chicks as compared to $1.29 for rbe 
United States in 1934. 

Fuel cost. The cost of fuel b an important item in the cost of producing 
chicks and, according to the hfaryland study, b highly variable, ranging from 
less than 15 cents per hundred to more than 60 cents per hundred. The aver- 
age fuel cost for 110 Maryland hatcheries was 18 cents per hundred chicks. 
The cost per kilowatt-hour for electricity b important in determining the cost 
of producing chicks with electricity. Though electric incubators are relatitely 
expensive to operate, they have advantages which have caused most hatchery- 
men to turn to them. 


Capital investment. Figure 210 shows that about 10 per cent of the cost 
of producing chicks b overhead diarges. About 85 per cent of these charges 
b interest on investment and depreciation. The average investment per hun- 
dred chicks produced by the hatcheries reported in the Maryland study was 
$5 02. Sixty-nine per cent of this was invested in incubators and 22 per cent 
in buildmgs Some hatcherymen could, no doubt, increase their profits by iu' 
vesting m modern equipment. Equipment which gives satbfactory results 
should not be replaced by some that b more expensive merely because it b 
fashionable to have new equipment. 

Marketing. Methods used m marl«tmg chicks vary with the location of 
the hatchery and the type of hatchery. Local hatcheries sell most of their chicks 
at the hatchery or dehver them directly m the customer. Large hatcheries sell 
by mail most of the chicks they produce, shipping them by parcel post or 
express. The average cost of selling chicks by the Maryland hatcheries was 
30 cents per hundred and distribute as ^own in Table 116. Large commei- 
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Table 116 


SELLING COST 

(Two-year Average, 1936-38) 


Item 

Average 

Coat Per 
Hatchetr 

Average Cost 

Per 100 Chicks 
Matched 


Advertising 

$116.12 

$0.11 

37.7 

Telephone and telegraph 

30.82 

.03 

10.1 

Transportation (truck) 

87.94 

.09 

28.6 

Express 

13.92 

1 .01 

4.5 

Parcel post 

29.26 

.03 

9.5 

Stamps 

14.69 

' .02 

4.8 

Stationery 

3.43 


1.1 

Miscellaneous 

11.14 

.01 

3.7 

Total 

$307.32 

$0.30 

100.0 


cial hatcheries expend more in seHing their chici:s, particularjy for advertising. 

Replacements. Every hatchetyman should try to satisfy his customers, but 
this should not lead to a sacrifice of profits through too lenient a policy in 
including extra chicks and making replacements. The value of these two items 
in some seasons is the difference between profit and loss in the hatchery busi- 
ness. In Maryland from 1936 to 1938 these two items cost the hatcherymen 
23 cents per hundred chicks hatched. The purchaser of one hundred chicks 
does not pay for more chicks. Some allowance should be made for normal 
shipping losses, of course. Hatcherymen can very easily train their customers 
to expect a large number of extra chicks with each order. Losses which can 
be attributed to the chicks should be made good by the hatcherymen, but 
losses which are due ro the mistakes of the pouluyman should be borne by 
him and they should not be assumed by the hatchery. 

The sale of sex-separated chicks. Since the art of sex determination of 
baby chicks was made known to the hatchery industry of the United States 
there has been an expansion in the sale of sex-separated chicks. Large hatch- 
eries can afford to keep a "sexer” (one trained to make sex determinations), 
but hatcheries with a small volume of business cannot profitably use the serv- 
ices of a “sexer.” Few hatcheries located in New England and the southern 
states sell sex-separated chicks, but 63.5 per cent of the hatcheries located on 
die Pacific Coast where the Leghorn breed predominates sell these chicks. The 
sale of sexed chicks is increasing in all parts of the United States. 

The disposal of cockerel chicks becomes a major problem where there is a 
surplus of Leghorn male chicks. In the Pacific states many of these cockerel 
chicks arc dcstro)ed. Fifty per cent of the hatcherjmen located in Oregon re- 
porting for the season of 1937-38 stared that they destroyed some ducks. 

The sale of started chicks. In the early days of the hatchery business 
orders for chicks were placed far enough ahead of the delivery date so that 


MJ. Agr. Expt. Su. DuL 426. 




504 


Poultry: Science and Practice 



the eggs could be set after the order was 
received. In recent years the purchasers 
of chicks have found that batcher) men 
anticipate their orders and make 
accordingly. Therefore, chicks could be 
obtained on short notice or by merely 
calling at the hatchery for them. In some 
communities they have found that the) 
can purchase started chicks at the same 
price as day-old chicks. During a pow 
season started chicks may be purchase 
for less than the regular price of day-old 
chicks. Thus, the started chick business 
has grown into what most hatcherymw 
consider a nuisance. The sale of staged 
chicks is growing because poultry raisers 
do not like to brood chicks and suffer the 
losses they have to uke from pullorum 
• disease. 


Seasonal operation. The hatchery business is in most instMces a 
ynnfll busioess. Many hatcheries operate only during the spring 
Hatcheries supplying broiler chicks operate throughout the year. Fig. 211 
shows that from 1952 to 1954 chick produaion per month varied from 7o 
million to 310 million, with March, April, and May leading. 


REVIEW QUESTIONS 

1. Why do people raise chickens’ 

2. What does the feed-egg ratio mean? 

3. How does poultry production respond to changes in these ratios? 

4. What is the relation of farmers’ income from poultry and eggs to the m* 
come of industrial workers? 

5. Make a sketch of a poultry plant layout for 1500 layers. 

6. What factors should be considered when selecting poultry stock? 

7. List the factors which affect profits from poultry raising on the general 
farm. 

8. Why do Eocks of certain size tend to be located in different regions of the 
Umted Sts'es’ 

9. Is commercial poultry farming profitable? 

10. List the factors which profits most. 

11. What are the ma|or factors influencing the cost of producing pullets? 

12. Can the general farmer produce pulleu as cheaply as the commercial poultry- 
man’ 

13. When do speaaltzed broiler producers start their chicks’ 

14. What size bird is most economical for broiler raisers to sell? Is this bird a 
broiler? 

15. What percentage of the cost of producing chicks is egg cost? 

16. Should hatcheries make good ^ diick losses which their customers suffer 
during the first two weeks after the ducks are purchased? 
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17. What is a "chick sexer"? 

18. Why are cockerel chicks destroyed in some regions? 

19. Why do most hatcherymea sell started chicks? 
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Turkey Varieties and Breeding 
Problems 


Turkeys are native to America, and before 1492 they were unknown to 
European or Asiatic civilizations. The Aztec Indians of Mexico had domesti- 
cated the wild turkey (Fig. 212), and as early as 1498 the Spanish imported 
turkeys to Spain. The birds proved very popular and apparently readily ad- 
justed themselves to their new environment. As early as 1573 it is reported 
that they were plentiful in England. Domesticated mxkeys were brought to 
New England by the early colonists from Europe and serv^ as a nucleus from 
which the turkey industry of the United States developed. 

Varieties 

The six Standard varieties, Bronze, "White, Bourbon Red, Narragansett, 
Black, and Slate were developed from the wild stock or from varieties 
descended from the wild stock. The weights of these varieties as given in 
the 1953 edition of the American Standard of Perfection are as follows: 



Adult 

Yearling 

Young 

Adult 

Yearling 

Young 

Variety 

Tom 

Tom 

Tom 

Hen 

Hen 

Hen 

Bronze 

. 36 

33 

25 

20 

18 

16 

White Holland . 
Narragansett, 

. 33 

30 

25 

18 

17 

14 

Bourbon Red, 
Black, and 

Slate 

. 33 

30 

23 

18 

16 

14 

Bel^ville Small 







White 

. 23 

22 

19 

13 

12 

11 


Popularity of the respective varieties. The Bronze turkey remains the 
most popular variety raised. However, the Beltsville and other white vari- 
tics arc inaeasing as is indicated by the turkey breeding stock participating 
in the National Turkey Improvement Plan in 1953-54: D. B. Bronze, 67.3^; 
Beltsville. 23.0%; "White Holland, 3.5%; other Whites, 5.0%; and all 
others, 1.2%. 

Bronze. The Bronze turkey has color markings similar to the wild turkey 
native to the Mississippi Valley and the eastern part of the United States 
(Fig. 213). The white markings in the tail, howc\-cr, probably trace their 





Fig. 212. Th* n«tW* wild Igtkey «» now found In New Mexico. 

origin to the Mexican wild stock. The New England wild mrkey has brown 
instead of white in the color pattern of the uU. During the nineteenth 
the domesticated Bronze turkey was crossed with the wild New Englao 
stock. 

The popularity of Bronze mrkeys can be partly attributed to their resem- 
blance to the beautiful wild stock, their vitality, their size, and the fact that 
they have been in the hands of progressive breeders. It is necessary to see these 
birds in their fully mamre plumage to appreciate their beauty. The develop- 
ment of this color pattern may have been at the neglect of vitality and market 
qualities in some cases, but this variety has remained a popular turkey wiin 
the growers 

White Holland. The White Holland turkey takes its name from its solid 
white color and the fact that it was supposedly brought to America by fhe 
early Dutch colonists from Holland. A white variety originated in Europe 
probably as a "sport" from the Mexican stock imported by the Spaniards. 
However, the White Hollands which were developed in America very likely 
came from white "sports" from the Bronze variety. With the recent tendency 
toward smaller turkeys. White Hollands have been gaining in favor (fig- 

213). 

Bourbon Red. This variety was developed by Mr. J. F. Barbee of Bourbon 
County, Kentucky, from crosses made about 1890. Mr. Barbee crossed Bronze, 
White Holland, and Buff varieties and selected from these crosses the birth 
which were red with white primaries, secondaries, and main tail feathers. This 
is a beautiful variety with good market qualities. The modern type and color 
pattern are illustrated in Figure 213. 
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Narragansett. This variety takes its name from Narragansett Bay, the 
region in which it originated. It probably arose as the result of aossing the 
Norfolk Black, which the English colonists brought with them, with the 
England wild stock and by later introducing some Mexican wild stock. This 
variety is somewhat similar in appearance to the Bronze. However, the bir 
are lighter in color and lack the copperish bronze markings which characterize 
the Bronze turkey. Figure 213 shows the Narragansett color pattern. 

Black- The Blacks probably originated as “sports" from the turkeys intro- 
duced into Europe by the Spaniards. They were called the Black Norfolks an 
were later brought to America by the colonise. Black turkeys sometimes oc- 
cur in flocks of Bronze turkeys. The importance of this variety in the 
appears to have been its value as one of the patents for developing new varie- 
ties. Its relatively smaller size and its well-developed breast may make this 
variety more popular as a market turkey. A very good Black specimen is 
shown in Figure 213. 

Slate. This variety is supposed to have originated in America from the 
aossing of Black Norfolks and White Hollands. The birds have slate or ash- 
blue plumage. Slate turkeys have never been popular in the United States and 
at present relatively few birds of this variety are raised in this coimtry. They 
have the same standard weight as the Black variety. 

Beltsville Small White. This small variety of turkeys was developed by 
research workers at the U. S. D. A., Beltsville Research Center. They have 
proved especially popular for the production of turkey broilers or small 
toasting turkeys. 

Non-Standard Varieties. Several large-type, white turkeys are gaitiiog m 
popularity. They are the Broad Whites, Empire Whites, I^ncaster Whites, 
and others are likely to appear soon. 

The future of the turkey industry depends quire largely on the success 
which may be achieved in breeding for market qualities and for birds which 
are efficient producers of h uman food. 

Breeding Objectives 

Color patterns. Turkey breeders should selea for the color pattern de- 
sired in their respcaive varieties. Most of these color patterns are very well 
fixed, so that little attention need be paid to such characters. To neglea hO' 
l^rtaric market qualities and focus attention on fine disttnaions in color de- 
signs is a mistake. The most successful breeders in the future will emphasize 
market qualities but retain also the color pattern of their varieties. Unless the 
color pattern becomes a secondary breeding objective, there may appear a 
division of turkey breeders as there has of breeders raUing chickens; those 
who emphasize color pattern will comprise one group and those who are 
interested in utility values will consdmie another. 

Market quaUties. Since the turkey is a meat animal it should be bred for 
the inost desirable market type and size. Already some breeders have nude 
considerable progress in this direction. As in other animals, size and type are 
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Fig. 214. Bronze toms of good market type. The bird on the left shows the proper body car* 
rioge. The other tom was “off bolonce” for this photograph. 

inheritable characters Tvhich may be influenced by seleCTion. Birds with com- 
pacc bodies are being used <]uice extensively in turkey matings and attention 
is being centered on market quality. No doubt there are many market qualities 
other than size and shape which should be emphasized. Early maturity is 
receiving attention and it should be emphasized because the ef&ciency of 
the turkey as a producer of human food is dependent somewhat upon early 
maturity. The ability of the bird to grow mature plumage at an early age, 
fattening or finishing while yet young and probably immature, the texture 
of meat, and the distribution of fat ore all market qualities which should re- 
ceive the attention of the breeder. Figure 214 shows Bronze toms of good 
market type. 

Size of turkey to raise. The producer should strive to satisfy the demands 
of tile markets for turkeys as long as it is profitable to do so. Those who are 
emphasizing small size in turkeys should bear in mind that the overhead cost 
per pound for small turkeys is greater than for large turkeys. It is also true 
that the hotels and restaurants prefer the larger birds because they can get 
more servings per pound of large turkey. Hen turkeys, because of their smaller 
size and excellent quality, arc in demand for family use. Table 117 shows the 
results obtained from a rather extensive survey made in 1936 by the National 
Association of Food Chains for die purpose of determining from their custom- 
ers die demand for turkeys of different sizes. Ir will be observed that 50 per 
cent of the consumers patronizing the chain food stores preferred turkeys 
under twcKc pounds. The Delaware sraiion gathered some dara (Table US) 
on this problem in the city of Wilmington which showed that resuurants and 
wealthy customers have a very definite preference for turkeys weighing over 
thirteen pounds. It Is evident that various sizes are in demand. 

Egg production. Economical poult produaion requires high egg pro* 
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Table 117 

CONSUIIER DEMAND FOR TURKEYS BY SIZE OF BIRD 

PropnrtioQ of 

SaeofTurk.r ToulDemiod* 

Group 1 (8 and 9 pounds) 25% 

Group 2 (10 and 11 pounds). 25% 

Group 3 (12 and 13 pounds) 23% 

Group 4 (14 and 15 pounds) 14% 

Group 5 (16 and 17 pounds) 8% 

Group 6 (18 pounds and over) 5% 

• Repioenti wngtted average of all retunia to make allavaitcca <<«■ the varying eiaea of reporting coaipanjea* 


Table 11& 

NUMBER OF CONSUMERS AND RESTAURANTS PREFERRING VARIOUS SIZES 
OF TURKEYS * 


Sizu 

Au. CextcKca* 

WlM.T*T CoViVUWJ 

ResT* 


Tvunt 

Number 

PrrCeei 

Number 

Per Ceet 

Number 

Percent 

6 pound* 

1 

.5 





8 pounds 

5 

.5 





9 to 10 pound* 

49 

27.1 

4 

ii.o 


*4 8 

11 to 12 pound* 

SO 

27.6 

4 

21.0 



13 to IS pound* 

42 

23.2 

5 

26.3 

8 

as.t 

Over 15 pound* 

[ 38 

21.0 

6 

31.7 

12 



duction in the breeding stock Epg production in turkeys as in chickens can 
be increased by proper breeding. The basis of selection must be trap-nest 
records and progeny test records. The use of trap nests for obtaining egg- 
production records on tu'keys is a recent des’elopment. The Oklahoma Agn* 
cultural Experiment Station has reported the trap-nest record of a turkey hen 
which laid 205 eggs in one year (1932). A number of turkey breeders and 
investigators are now using trap nests for obtaining egg-produaion records 
Unless the consumption of turkeys becomes less so that there is 

a greater demand for turkeys throughout the year, poult production will re- 
main hi^y seasorul and there will be little demand for turkey eggs out or 
the regular hatching season. Under the present conditions early egg produc- 
tion and intensite produaion are most desirable. As in chickens, early sexual 
maturity and intensity of produaion are inherited characters which can be 
modified by breeding as wet) as by feeding and management. 

Factors related to annual egg production in turkeys base been insestigat^ 
by Asmundson at the California A^icuJtural Experiment Station, Davis, 

* Survey made by the NatJocu) Asiodauoa of Food 1936. 

* Del Agr Expt. Su. BuL 218, 1939. 
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Fig. 215. Pendulout crop, on inherited condition. 


California. For the years 1934, 1935, and 1936 die average annual egg pro- 
duaion was 772, 76.1, and 79.4 eggs. He found that annual produaion was 
influenced most by (1) date of last egg, or the bird’s persistency; (2) length 
of pause, or time out of production; ( 3 ) date of first egg, or starting early in 
the season; and (4) net spring rate of production. From these results it would 
appear that to inaease annual egg produaion in turkeys, they must be bred 
for persistency and intensity of production without rest periods, and they must 
be bred and so managed that they start laying early in the season. 

Young hens lay more eggs than do older birds. Records of egg produaion 
kept at the Cilifornia station showed the following produaion per hen: first 
year, 77 eggs; second year, 50 eggs; third year, 44 eggs; fourth year, 45 eggs; 
and fifth year, 28 eggs. Egg produaion is reduced when turkey hens are per* 
mitted to remain broody and hatch their eggs. Date of hatching is also a 
faaor influencing time of egg production. Early-harched birds often lay dur- 
ing the winter months while latc-hatdicd birds may not lay until late spring. 

The elimination of inherited defects. Tlie Californra station has shown 
that pendulous aops in turkeys arc inherited. In matings which they made 
the percentage of offspring developing pendulous crops varied from none to 
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100 per cent. They were also able to 
show that the occurrence of pendulous 
aops was greatly inaeased when tur- 
keys were raised where the tempera- 
ture was high, the humidity low, and 
where there was much sunshine. They 
concluded that the tendency for tur- 
keys to develop pendulous crops was 
determined by one pair of recessive 
autosomal genes. If pendulous crops 
are inherited in the manner these in- 
vestigators believe them to be, the 
breeder could eliminate this defect only 
by progeny testing his birds, and dis- 
carding any which produced offspring 
developing this condition. This condi- 
tion cannot be eliminated by merely 
culling turkeys that develop pendulous 

crops (Fig. 215). 

The l^nsas Agricultural Experi- 
ment Station has shown that in 
ens the tendency to develop aooked 
breastbones is inherited. It appear* 
logical to assume that in nirk^s 
crooked breastbones also may be in- 
herited. Birds showing evidence oi 
crooked breastbones should be mar- 


.euiTUT ai»s> *«iieuiTai«L >iu(oa thereby kept out of the 

Rfl. 216 . Crook.d br.«t Q *eno«. btecdinB pens (Fis. 2l6) . 
mat et • eel. progressive turkey breeder will 

not only select breeding stock free from market defects but he will study the 
inheritance of these defects and by scientific breeding elimiiute them from 
his strain of turkeys. 


Selection of Breeding Stock 

The success of any breeding program depends upon the stock used in 
the breeding pens. Young birds which are intended for breeding purposes 
should be selected in the fall before any birds are marketed. Otherwise, some 
of the best birds may be sold and therefore lost for breeding. 

The basis of selection should be, of course, those qualities which the breeder 
hopes to establish in his strain of birds. Since turkeys are produced primarily 
for meat, sclcaion for desirable market characteristics should be considered 
fun^ental in any turkey-breedmg program. The market prefers a turkey 
which has a long, wide, and deep breast, and a compact body which is viell- 


Turkey Varieties and Breeding Problems 515 

fleshed and covered with fat. The market also prefers turkeys which have 
well-matured plumage and few pinfeadiers when dressed. 

The Oklahoma Agricultural Experiment Sation has reported results which 
show that such measurements as keel length, body depth in front, and shank 
length may be used as a basis for selecting turkeys at market age. Advance- 
ment can be made along these lines by breeding. 

The specialty breeder w’ho uses trap nests will make selection also on the 
basis of pedigrees and progeny records. 

S. J. Marsden, Poultry Husbandman in charge of turkey investigations for 
the United States Department of Agriculture, has prepared the following 
outline for selecting turkey breeders: 

I. Head 

A. Bright, round, outstanding eyes of proper variety color. Reject if off- 
colored, elongated, dull, suokeo, injured, blind, or missing. 

B. Short, curved beak. Rejea for ostrich beak, cross beak, and elongated 
beak but not for proper debeaking. 

C Rugged but refined appearance, free from excess flesh. Reject for 
coarseness or weak appearance. 

D. Good depth and breadth, not elongated. Reject for crowhead. 

II. Back.. 

A. Wide and flat including part over ribs (heart girth). Rejea for reach 
(arched) back, aooked back, narrow heart gii^, or torn skin. 

III. Breast 

A. Wide but not excessively so. Rejea if too narrow or too wide and flat. 

B. Parallel to back. Rejea if rear end of keel appears pushed in or dropped 
down away from the parallel posiuon. 

C Smooth-fleshed, width carried well back to rear of keel but not so 
much as to interfere with locomodon. Rejea for heart-shaped breast 
(very wide in front and very narrow at rear). 

D. Breastbone (keel); straight, moderately long, free from knobbiness. 
Remove birds with crook^ keels, noticeably curved, too short, decidedly 
rocker-shaped, decidedly dented, or possessing a knob which is the 
result of failure of flesh to cover the front point of the keel. Breast- 
bone should be about the same length as the shank. 

£. Check crop region and rejea for signs of pendulous aop. 

IV. Legs and feet 

A. Drumsticks: plump, well-meated. and of a size sufficient to balance 
the rest of the body. Rejea if undersized or straight-sided. 

B. Shanks of moderate length, strong, sturdy, not too short or too long, 
not coarse. Rejea for leggincss or abnormally short shanks. 

C Rejea for off-color, aooked toes, twisted shank, or any tenden^ toward 
bowlegs, knock-knees, slipped tendons, swollen hocks, or malformed 
hocks. One or two slightly crooked toes permitted in females but not 
in moles. 

V. Wings and tail 

A. Rejea for split wing, slipped wing, tw-isted or off-colorcd wing and tail 
fcaihcrs. Oipped wiog(s) permitted on females but not on males. 
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Depends primarily upon leg placement; birds poorly balanced have legs 
placed too far bade. Balance is indicated by; 

Keel-leg relationship when bird is suspended, by the legs, e y 
vertical and relaxed. Well-balanced birds show no decided gap bew^ 
drumsticks and rear end of keel, the profile appearing smoo*. Reject 
poorly balanced birds with a conspicuous gap showing a broken or 
notched profile. Keel should extend well back between the legs. 

VIL Skeletal proportions ^ 

A. Moderate depth; keel nearly equal in length to the shank in 
birds; slighdy longer than shank in birds 32 weeks and older. 
depth should be about one-fifth greater than length of the keel in 
exespt Beltsville Small Whites in which it should be about one-fourtn 
greater. Measure by calipers or by spread of hand. Reject for shallow 
body or short keeL 
Vlll. Color 


A. Conforming reasorubly well to standard requirements. Reject 


for all 


standard disqualifications relatiog to color of plumage, legs, and feet 
and also for solidly ‘'od-coIoted“ beak or ej-es. Rejea males of Bron^ 
Bourbon Red, Narragaasett, and other parti-colored varieties that do 
not ha>e male-colored plumage and females that do not have female- 
colored plumage such as those lacking the normal white edgings on 
breasc and body feathers. Reje« Bronze turkeys for compietely 
backs and complete or almost «>mplete lack of body bronzing and tail 
penciling. 

IX- Size 

A. Check for weight according to variety and age as shown in Table h 
Regulation 22, Miscellaneous Publication 555, The National Turkqr 
Improvement Plan. Weigh representative spedmeos. Reject for de- 
cided underweight or overwdght 

X- Quick market maturity (Quick maturing turkeys are mote efficient m 
the use of feed.) 


The state of maturity can be checked accurately and effiectively only where 
age is known and then only at 22 to 26 weeks for small-t>’pe and 24 to 30 
for medium- and large-type turkeys. (Juick maturing specimens wiU 
ha%e the most market firush at the ages indicated. 

A. Good market finish is indicated by: 

1. Fat in skin. Have an assistant hold the bird so that breast skin i* 
relaxed, then pluck a few feathers from the sparsely feathered area 
between the two feather tracts of the breast at a point just to rear 
of a line drawn from shoulder to front point of keeL Take a fold 
of skin between thumbs and forefingers of both hands. Grade A 
turkeys will ha\e a aeamy skin, a fold of which (containing » 
double thickness of skin) is about .07 to .14 inch thick; U..S. Grade 
B, 04 inch, and U. S. Grade C, .03 inch or less. This test is ef- 
fectne only at the point described. Ignore fat in skin at other places 
on the body 

2. PinfeMhers long enough to be plucked cleanly. U. S. Grade A dressed 
turkeys arc pernuned to have a few short pinfeathers, but only * 
very small number on the breasc In the live bird, check for pi“* 
feathers too short to be picked on drumsticks, shoulders, and one 
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of the two narrow feather tracts that run parallel to the keel and just 
above it on either side. 

Reject birds not showing proper degree of maturity (U. S. Grade A finish 
for small-type at 24-26 weeks, or large- and medium-type at 28-30 
weeks ) . In the absence of a thorough check as above eliminate all obviously 
late-maturing specimens. 

XI. Carriage and action (especially important in the selection of males). 

A. Carriage (the bird standing or walking but not strutting): Birds with 
good balance stand high at the shoulders, the back sloping from front 
to rear at a 35-40® angle. Reject for front-heaviness. 

B. Action: Gait free, active, and easy. Reject for waddling, limping, 
paddling (swinging feet outwards), or crippled condition. 

Matings 

Age of stock. Birds one year old are usually used for breeding purposes. 
For the production of market turkeys this appears to be the most practical 
method to follow because the females produce more eggs during their first 
laying season, hatchability is generally higher when young stock is mated, 
and the cost of keeping breeding stock from one season to another is elim- 
inated. The progressive breeder who pedigrees his stock and uses progeny 
records must keep breeding stock for several seasons. From the data given 
in Table 119 it is evident chat youog turkey breeding females will pr^uce 
more eggs during the breeding season and these eggs will be produced earlier 
in the season than if older birds are used. 

Table 1 19 


EFFECT OF AGE OF TURKEY BREEDING STOCK ON 
EGG PRODUCTION * 


of Stock 
(Yc*r.) 

1 AtersgeEgg 

Production 

Pint Er* After 
Jtoaarr i CDt)») 

1 

76.6 

67.S 

2 

49.S , 

78.8 

3 

44.2 1 

8a3 

4 1 

44.6 1 

87.6 

5 1 

27,6 1 

96.2 


Single male matings. Many nixke)s are produced on farms where one 
male is mated with a few females. Many commercial turkey raisers also mate 
single males with from ten to fifteen females. Single male matings arc neces- 
sary where pedigreed breeding methods are being followed, so that ancestry 
may be traced and progeny tests made. Where males are placed in adjoining 
breeding pens ir is advisable to place some material such as burlap on the 
fence so that the males cannot see each other. Otherwise they exhaust their 
energy by parading before each other, ‘'gobbling," and attempting to fight. 

* Asmunisoa and Idovd. Um>cnttr of Califorou. 
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Flock matings. Large-scale turkey production has resulted in mass m 
flock matings where several males are used. In flock matings one tom is 
for each fifteen to twenty females. A very simple method for preventing e 
males from fighting and the fertility from thereby being reduced is to con- 
fine the males in individual pens with openings only large enough for the 
females to pass through. These pens should be so arranged that the hens ave 
to pass through to get feed or water. Solid partitions between the pens three 
or four feet high will prevent the toms from fighting through the fence. ^ 
Pedigree breeding of turkeys. The realization that the market qualities 
of turkeys are inherited has led to the pedigt^ breeding of turkeys. The ^ap 
nest has been found to be a practical device for determining the egg produc- 
tion of individual turkey hens and also for identifying the eggs laid by dif- 
ferent birds. A record of all matings should be kept which shows the m^e 
and females used in each pen. An incubator record should also be kept which 
shows for each hen the number of eggs set, the number of infertile eggs, 
the number of dead embryos, and the poults hatched. Each poult should be 
wing-banded and suitable records kept so that the pedigree of any pedigreed 
bird can be determined at any time. 

By keeping progeny records, valuable male and female breeding stock can 
be identified and better families can be kept and the inferior ones discarded. 
It is only by such methods chat the breeder can hope to make much progress 
in breeding turkeys. 

Breeding systems. Three systems of breeding are used in breeding tur- 
keys: inbr^ing, outbreeding, and crossbreeding. Close inbreeding (brother 
and sister, etc) results in low hatchability, low fertility, high mortality, slow 
growth, and late maturity. Mating distantly related birds is a desirable method 
for the breeder who is doing p^igreed breedmg to use in establishing de- 
sirable charaaers in his strain of turkeys. 

Most turkey growers who are not interested in doing pedigree breeding 
find that outbreeding is the best system for them to follow. They can pur- 
chase breeding males from some breeder who is breeding the type they want. 
These males are mated with females selected from their own flock. They can 
purchase stock from the same breeder year after year with little danger of 
lU eflects from inbreeding. Those who wish to do so may produce their own 
toms, if they have several individual mating pens, by following the plan 
shown in Figure 217. With four pens (A. B, C, D) the best male produced 
each year from the mating in pen A would be placed in B the following year; 
but the best females rais^ from the A mating would remain In pen A for 
the following breeding season, to be mated with the best male produced by 
the mating in pen D. The management of the other pens would be similar 
in that males produced in B would go to C and those produced in C to D. 

Qossbreeding is sometimes used, but the crossing of the different varieties 
of turkejs has not, as jet, proved enough superior to outcrossing to justify its 
use. Turkey breeders and growers prefer to raise purebred stock. 

Artificial insemination. The Natioiud Agricultural Research Center 

( 1938) reported the successful use of artificial insemination in turkey breed- 
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Fig. 217. A tystcnotic breeding plon for ib» breeder wh& detire* )o produce hi* own breed* 
ing stock and avoid close inbreeding. 


Pen D 


Mate the best females produced 
by this mating each yeor with a 
young tom produced by the noting 
in Pen C 


Y 

Pen C 

Male the best females produced 
by this moling each yeor with a 
young tom produced by the mating 
in Pen K 


Pen A 


Mote the best females produced 
by this mating each year with a 
young tom produced by the moling 
in Pen D 


Pen B 


Mote the best femalet produced' 
by this moling eoch year with a 
young tom produced by the moling 
in Pen A 


ing. They were able to increase fertility from an old tom by using artificial in- 
semination instead of natural mating. While this method is not likely to gain 
widespread use, ic does provide the breeder with a technique which may be 
quite helpful in introducing valuable blood into his flock. 

Management of Breeding Stock 

The failure of a curkey'breeding program can be traced frequently to the 
mismanagement of the breeding stock. While mrkeys given their freedom 
on the farm may produce more fertile eggs than when kept under artificial 
conditions, they do respond to good management and produce maximum re- 
sults when they have proper care and management. 

Range or yards. During recent years there has been a change from range 
to yards for turkey-breeding stock. In those regions where blackhead is a 
serious turkey disease this change has been necessary in order to prevent all 
range from becoming contaminated with the organisms which cause this dis- 
ease. The most praaical yarding system is one where green feed can be 
grown in the yards. Wire fences from three to six feet high will confine turkeys 
if the yards are level and they cannot perch or roost on the fence. For single 
male matings yards 40' x 120' provide sufficient green feed. Gravel, crushed 
stone, or cinders placed around the house or roosting quarters help to main- 
tain more saniury conditions in the yards. Ver)' small yards fifteen or twenty 
feet square covered by three or four inches of gravel, crushed stone, or cinders, 
as shown in Figure 218, may be used for single male matings. Results re- 
ported by the Pennsylvania Agricultural Experiment Station showed that 
breeding stock could be closely confined in such pens without interfering with 
breeding results. When confined in )'afds where there is no growing green 
feed, both cod liver oil and a high-g^e alfalfa meal should be fed. The use 
of some fresh green feed was reported by the Pennsylvania station to increase 
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Ftg, 318. A pen of tvrkey breeding Hock confined lo a unali yard, covered wirf* o'>‘***^ 
dene. (Hole $eddiet on fenolec.) 

hatdilng results «eQ though 5 pet ceot of alfalfa meal was used in the mash. 

Complete confinemenc The New Hampshire Agriculcural Experimeor 
Station reported in 1938 that turkey-breeding stock kept in complete con- 
Enement in houses and artiEcially lighted so that they had a maximum of 
fourteen hours of light laid eggs which hatched as well as eggs laid by sunilar 
breeding stock on range, though the fertility was 7.7 per cent lower. The 
average produaion per bird for the breeding season was thirty-six eggs for 
the confined birds and thirty eggs for the birds on range. 

Housing. The need for protection of turkeys against cold and rainy weather 
depends upon the climatic conditions which prevail where they are kept. 
They are generally considered to be less susceptible to the effects of weather 
than are chickens, and therefore require less protection. In most sections of 
the United States all that is required is roosting quarters protected by a roof 
and three walls. Adult nirkc)-s may be confined in bouses with satlsfaaory re- 
sults, but the most economical provision for the southern part of the United 
Sutes appears to be outside roosts only. For the nonhem part of the United 
States and Ca n ada roosting sheds should be proteacd on the north, east, and 
west sides against winds, ram, and snow. Results reported by Scott and Payne 
in 1938 showed that housing was not necessary for turkey-breeding stock iu 
Kansas. 

Roosts (2 X 4 ) laid fiat or four-inch poles pros’ide satisfactory roosts for 
mrke)S Each bird should ha\e about eighteen inches of space on the roosts. 
Open top boxes 2' 1 2 ' and 10 lo 12 inches deep supplied with some nesting 
material such as straw, excelsior, or cane pulp make scry satisfactory nests. 
The)- may be looted in the house or m some secluded spot in the )-ard. Where 
special breeding work is done, trap nests protected from rain and snow* are 
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Fig. 219. Turk«y hen entering trop nest. Note the doors on top for removing the birds from 
the nests ond (he hen's number pointed on (he raddle for fdenh’ficotien. 

used (Fig. 219). The house should provide about 8 to 10 square feet of 
floor space per bird so that plenty of room for feeders, waterers, and the birds 
will be available. 

Artificial lighting. That mrkeys may be brought into production as much 
as two months before they would otherwise lay, by using artificial lights, has 
been demonstrated by several investigators. The use of lights will usually 
bring mature turkeys into production within thirty days after the lights are 
started. The lights may be turned on early in the morning or all-night lights 
may be used. Figure 220 shows the results obtained at the Missouri Agricul- 
tural Experiment Station when all-night lights were used on Bronze turkey 
hens during (heir first laying season. 

The Pennsylvania Station has reported that it is necessary to expose toms 
to lights at least one week or longer before the hens are placed under lights 
to insure satisfactory early fertility. Work at the Oklahoma Station indicates 
that for Oklahoma conditions both toim and hens respond to lights within 
the same length of time. These differences between the Pennsylvania and 
Oklahoma results are likely due to climate. 

Tlic Oklalioma Station has also shown that the source of light used is im- 
portant. Electric, gasoline, and namral-gas lights were equally effective in 
stimulating egg produaion in turkeys, but kerosene lanterns did not have any 
cffca on egg production. 

Feeding. Suitable rations are necessary for high egg production and good 
hatchabilit)’. Tliesc rations may be similar to those used for feeding ciucken 
breeding stock. Farmers uho raise chickens and turkeys may use the same 
mash for both kinds of breeding stock, if cxrr.i viram ns A. D. and riboflavin 



percentage egg PROpUCTIC^ 



are added to the turkey ration (Table 51). Breeding turkey toms will 
sume about six pounds of feed per week and for the same period the . 
will consume about three pounds of feed. The cost of feed U the prujcip 
item of expense m keeping breeding stodt. , 

Rations foe turkey breeding stock. Rations which are satisfactory t 
feeding chicken breeding stock can be used for feeding rurkey-breediog stod£» 
if properly fortified by minerals and vitamins (Table 51 and p. 552). 

ProteaioQ of fenaales against injury in mating. Turkey hens are tre- 
qucctly injured seriously by large toms tearing their backs while mating 
To prevent these injuries the sharp toenails and spurs of the toms may oc 
clipped, or "saddles” may be placed on the females. Many producers are 
protecting the females by placing canvas "saddles" on them, as shown m 
Figure 218. This should be done before the breeding season begins.* 

Cost of keeping breeding stock. The breeder who is following a scientific 
breeding program must keep breeding stock thrnughour the year. The cos^ 
of keepmg this stock is a considerable item and includes labor, returns on 
investment in stock, equipment, and land, losses from mortality, depreciation, 
and feed costs. The feed consumption of turkey-breeding sco^ is shown m 
Table 120. 


Hatchery supply flocks. The development of specialized poult produc- 
tion by hatcheries has created a demand for turkey-etching eggs. Many tm' 
key eggs are shipped to hatcheries in the North Central states from California, 
Texas, and other southern states. Egg production in turkeys is influenced by 
light, and therefore turkeys located where the days become longer earlier m 
the season than in other seaions produce more early eggs. This factor wifi 
always remain in favor of those southern states and most of the early-batcbiog 
eggs will likely be produced in those areas. Hatcheries specializing in 
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Table 120 

FEED CONSUMPTION OF BRONZE BREEDING STOCK. U. S. RANGE LIVESTOCK 
STATION, MILES CITY, MONTANA, 1929-1935 



Povxns or KIasr a 
CohSLUED 

NO ScAATca Fceh 
rzx Weax 



Female* 

Winter period — Dec. 15 to Feb. 8. (Unlighted) 

S.8S 

3.23 

Winter-Spring period — Feb. 9 to May 31. (Morn- 
ing lights Feb. 9-April IS) 

5.13 

2.73 

Summer-Early Fall maintenance period — June 1 
to October 18 

3.50 

1.40 

Fall fattening period — Oct. 19 to Nov. IS 

7.00 

3.50 

Total for 52-week period 

240.88 

117.12 


ptoduaion which are located in the northern states may continue to find it 
profitable to purchase turkey eggs from producers located in more favorable 
climates. 


Turkey Improvement Associations 

Variety associations. There are organized clubs for each of the varieties, 
except for the Slate turkeys. These associations promote their tespeaive varie- 
ties, suggest standards for them, hold club meets, and encourage the exhibition 
of their varieties. They have done much to standardize color patterns and de- 
velop the type of the present-day turkey. 

THE NATIONAL TURKEY IMPROVEMENT PLAN 

The primary objectives of this plan are to improve the production and 
market quality of turkeys and to reduce the losses from diseases. The Plan 
revised in 1954 provides for four breeding stages and two pullorum-typhoid 
classes. The details of the Plan have been published in the Federal Register 
of December 9, 1954. The essential parts of the Plan are as follows: 

Definitions 

Pirn — ^The provisions of the National Turkey Improvement Plan. 

Official State Agency — ^The state authority recognized by the United States 
Department of Agriculture to cooperate in the administration of the Plan, 

Affiliated Flock Ouner — A flock ow'ncr who is participating in the plan 
through an agreement with a panicipaiing hatchery. 

Fhek-^As applied to breeding, all turkc}'S of one kind of mating (variety 
or combination of stocks) and of one classification on the famL 
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Baby PMto-PodB that have not been fed or ^ ^ 

X,„m-Ttnkey breeding stock be^tng a 

dirotigh at least five generations of dosed flKk breed S- ^ 
generation progeny (P.) of stock toig. 

dhect supeJvlsion of the breeder or (2) stoA mult^.ed by ““B 

nared by *e breeder may be designated os of the breeders s^.m 

Bm^-breasled—A term used to describe a type of "“^Ykis t^vddth at a 
time of selection, and no later than 30 iseeks „d 

pomt VA inches above the keel of at least 3!4 inches, for both 
hens. 


Participation 

(a) Any person producing or dealing in poultry produce may 
in the Plan when he has (1) demonstrated, to the satisfacnon ot me 
State Agency, that his facilities, personnel, and praaices are ad^ 
carrying out the applicable provisions of the Plan; and (2) signed m g 
ment with the Official Sure Agency to comply with the general and e r 
pUcable spedfic provisions of the Pbn and any regulations of the 

Stare Agency. «i.Mt;ae 

(b) participant shall comply with the Plan throughout me opera t 
year of the Official Sure Agency, or until released by such A^eacf. ^ 

(c) A participant in any Sute shall participate with ^ of his tur ey 
hatching egg supply flocks and hatchery operations within such states. 


General Protitiont for Participants 

(a) Records of purchases and sales and the identity of products ban 
be maintained in a maimer satisfactory to the Official State Agency. 

(b) Products, records of sales and purchases of products and 

used to advertise projects shall be subject to inspection by the Official Sta 
Agency at any time. , . 

(c) Advertising must be in accordance with the Plan and appb^ 
rules and regulations of the Official State Agency and the Federal Trade Co 
mission. 

(d) Participants may not buy or receive for any purpose products tmiu 

non-participants, or sell products of non-participants, except with the per 
mission of the Official State Agency for use in breeding floats or for expert 
mental purposes. .. 

(e) The minimum weight of turkey hatching eggs shipped interstate si^ 
be 2V3 oimces each for small varieties and ounces e?ch for other varieoes, 
unless otherwise specified by the purchaser of the eggs. 

( f ) Standard and broad breasted turkeys of the variety may oof be 
kept on the same premises or hatched in the <amp hatchery. 

(g) When artificial inseminanoo is used its use and the extent of io ose 
shall be stated in all performance reports. 
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Specific Provisions for Participating Blocks 

(a) Poultry houses and the land in the immediate vicinity thereof shall be 
kept in sanitary condition acceptable to the Official State Agency. 

(b) All flocks shall consist of birds that have been selected for health, 
vigor and freedom from physical deformities of economic importance by an 
Authorized Agent or State Inspeaor. 

(c) A flock shall be deemed to be a participating flock at any time only 
if it has been officially blood tested within the past 12 months with no 
pullorum or typhoid reactors on the last test. 

(d) Each bird shall be identified with a sealed and numbered band ob- 
tained through or approved by the Official State Agency, 

Specific Provisions for Participating Hatcheries 

(a) Hatcheries shall be kept in sanitary condition acceptable to the Of- 
ficial State Agency. 

(b) A hatchery which keeps started poultry (poultry that has been fed or 
watered) must keep such poultry separated from the incubator room in a 
manner satisfactory to the Official State Agency. 

(c) All poults offered for sale under Plan terminology shall be normal 
and typical of the variety, cross, or other combination represented. 

(d) Eggs incubated shall be sound in shell and reasonably uniform in 
shape. Eggs shall be trayed and poults boxed with a view to uniformity of 
siae. 

(e) AU hatcheries operated under the same name, ownership, or man- 
agement within a State shall participate in the Plan if any of them are to par- 
ticipate. 

Breeding Stages 

1. U. S. Approved — All males and females seleaed by Authorized Agents 
according to standards prescribed by the Official State Agency or the State 
College of Agriculture. 

2. U. S. Certified — Flocks meeting one of the three following specifica- 
tions: 

( 1 ) All males ROP or from ROP mass matings. 

(2) Males and females from flocks composed of the following: 

ROP males or males from ROP mass matinp mated to females from ROP 
qualified matings; or ROP mass matings; or ROP candidate matings in 
which 50 per cent or more of the dams family qualified for ROP. 

(3) Males and females from Performance Tested Parent Stock. In case 
the tested stock is a cross of strains, the U, S. Certified flock shall be a combi- 
nation of the same pure strains as used in the tested flock. 

3. U. S. Record of Pcfforjnjncc. Hens — An ROP candidate hen which is 
a reasonably good representative of tlic variety in the judgment of the ROP 
Inspeaor, nuy qualify as an ROP hen if such candidate: 
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(a1 Produces eegs « *= «« °f " P“ 

at least eigta consecutive weeks from the date the 6tst normal egg is laid m 

b)“toduces eggs that hatch a. the rate of at least 70 pet cent of all 
eggs set with a minimum of 20 poulm hatched. The qualifying 
to hatchability may be reduced to 65 pet cent when eggs are hatched at 
tudes of 3000 to 3499 feet and to 60 pet cent at ahimdes of 3500 
more. All normal eggs produced by the candidate during a period of a 
eight consecutive weeks shall be set. _ , 

Toms — Toms may qualify for the ROP classification if they are. 

(a) Produced from ROP poults or from candidate hens which sudsc- 

quently qualify as ROP hens: rjnnal 

(b) Go^ representatives of the variety with strong constitu 

vigor when examined by the ROP Inspector not earlier than 22 wee 
age; and i 

(c) Banded with an ROP sealed and numbered leg band when pass 


by the Inspector. ti a 

4. U. S. Performance Tested Parent S/oci— Flocks represented ^ 

turkey production test and in a central meat production test by entries t 
have met the following performance standards: 

(1) Average poult production of at least 20 salable poults per hen m 
eight weeks. 

(2) Poult livability of at least 90 per cent to eight weeks of age. " ^ 
alternative, in case of excessive mortality in the entire test, the entry snau 
qualify for livability if the livability is above the average of the test. 

Turkey reproduction test — -A turkey reproduction test is a test of the re- 
productive (combioatioa of egg production and hatchability) qualities ot a 
representative sample of the entrant’s stock conducted imder supervision 0 
the Official State Agency in accordance with the following provisions: 

(a) The test shall be available to any participant whose flock is qualinc 
for the U. S. PuUorum-Typhoid Qean Classification. 

(b) The entry shall consist of at least 200 hens, penned separately, which 
ate representative of the entrant’s supply flocks or his breeder replacement 
flocks. 


(c) All eggs produced by the entry during a period of at least eight con- 
secutive weeks designated in advance by the entrant, shall be incubated and 
complete records kept on the number of eggs produced, eggs set and salable 
poults hatched. 

Central Meat Production Test — A central meat production test is a test of 
a representative sample of the stock of two or more entrants to fryer-roaster 
or mature marketing age, conduaed under official supervision at a neutral 
location in accordance with the following provisions: 

(a) 'The test shall be available to any participant whose flock is qualified 
for the U. S. PuUorum-Typhoid Qean aassification. 

(b) The entry shaU consist of at least 100 poults, 50 per cent of each sex- 



527 


Turkey Varieties and Breeding Problems 

(c) A sufficient number of eggs, determined by the entrant, to produce 
the poults required for the entry shall be selected by a representative of the 
Official State Agency. 

(d) The sample of eggs shall be taken at random from the entrant’s sup- 
ply flocks or from his breeder replacement flocks. 

(e) The eggs from all entrants shall be incubated in one hatchery at the 
same time. 

(f) Poults shall be banded in each wing with a sealed and numbered 
band for identification. 

(g) Poults shall be brooded and reared either intermingled or separated 
by entries, at the option of the test management, provided that varieties of 
different size or color shall be separated. 

(h) The duration of the test shall be determined by the test management. 

(i) The following data shall be obtained and reported by the Official 
State Agency for each entry: 

(1) Kind of stock (variety, strain or cross; supply flock or breeder 
replacement) ; 

(2) Number of breeder hens in the flock or flocks from which egg 
sample was drawn; 

(3) Mortality to two weeks of age; to eight weeks of age; and to 
the end of the test; 

(4) Average live weight (i) of fryer-roaster entry at four weeks of 
age; at four week intervals thereafter; and at the close of the test; and (ii) of 
mature marketing entry at eight weeks of age; at 1<5 weeks of age; at 20 
weeks of age; at two week intervals thereafter; and at the close of the test. 
(Such average live weights shall be based on the individual w'eighcs and re* 
ported by sexes); 

(5) Average eviscerated weight of all birds completing the test, by 

sexes; 

(6) Average breast width, body depth, and keel length of the New 
York dressed birds by sexes (The breast width shall be measured at the 
widest point l^A inches above the keel. The body depth shall be measured 
at the deepest point) ; 

(7) Coefficient of variability of final live and eviscerated weights 
and body measurements; 

(8) The number of birds in each V. S. Grade based on (1) fleshing; 
(ii) finish; and (iii) freedom from pin feathers, by sexes. 


Pullorum-T^pboid Classes 

1. U. S. Pulloruf/i'Typhoid Pjjjrd’-— Flocks in which no puJlorum or ty- 
phoid rcaaors are found on the last official blood test. 

2. U. S. PuUorum-Typbotd Clean — Flocks in which no reactors were found 
on the first official blo^ test: Provided, that if reactors arc found on the first 
test the flock may qualify with two consecutive official negative tests. In 
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order to sell hatching eggs or poults of this classification, all hatching eggs 
and poults handled must be of this classification. 

Blood Testing 

(a) In the official blood test, the blood shall be drawn by an autho^d 

ageot or State Inspector and tested by an authorized laboratory, using ei 
the standard tube agglutination or rapid serum test: ^ . . 

(b) Ibere shall be an interval of at least 21 days between any otociai 
blood test and any previous test with puUonim*typboid antigen. 

(c) All turkeys to be used as brewers must be tested when more 

four months of age. • u he 

(d) All domesticated fowl on the farm of the participant shall either 
properly tested to meet the same standards as the participating flock ^ 
birds and their eggs shall be separated from the participating flock an ns 

(e) All tests with Salmonella antigens of flocks participating in or c^di 
dates for paiticipailon in the Plan shall be reported to the Official State 
Agency within 10 days following the completion of such tests. All reaaors 
sh^l be considered in determining the classiflcatloo of the flock. 

(f) Reactors may be submined to a laboratory for autopsy and baaen^ 
logical examination. The laboratory and the number of reactors to be su^* 
mitred shall be designated by the Official State Agency. In case baaeriologicu 
examination faib to demonstrate pullorum or typhoid in^petion, the 
shall be deemed to have had no pullorum or typhoid reactors. If other m^’ 
bets of the SalmoneUa group are isolated, the Official State Agency may dis- 
qualify the flock for paxticipation or require such other aCTion as is deemed 
necessary with respea to the infeaion. 

(g) After a flock has been classified by the Official State Agency, ffic 
results of any retesting of such flocks during the current breeding and hatch- 
ing season shall not adversely affect its classification for the season, except 
that if in the opinion of the Official State Agency the amount of the reaction 
found in any flock is such as to be dangerous or detrimental to the operation 
of the Plan, the Official State Agency shall require that such flock or flocks 
be retested after an interval of at least 21 days, or that use of such flocks as 
sources of eggs for participants be immediately discontinued. Furthermore, 
the Official State Agency may requite that the hatching eggs from such flocks 
be removed from the meubator and destrojed prior to hatching. 

Dlood-Testmg Procedures 

The standard aggluHnaiton test: (a) The blood samples should be col- 
lected and dehtcred as follows: 

( 1 ) The blood samples should be taken by properly qualified and 
authorized persons only, and in conuiners provided by the laboratory. The 
containers should be stout-walled test tubes preferable Vs by 3 inches, with- 
out Up. or small well seleaed medicine vials, v.hich have been thoroughly 
cleaned and dried in a hot-air drying o\cn. If stoppers are used they should be 
ihoioughl) cleaned and dried 
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(2) Sufficient blood should be procured by making a small incision 
in the large median wing vein with a small sharp lancet and allowing the 
blood to run into the tube, or by the use of a small syringe (with 20 or 21 
gauge needle) which is properly cleansed between bleedings with physiologi- 
cal saline solution. To facilitate the separation of the serum the tubes should 
be placed in a slanted position xintU the blood has solidified. After the blood 
has completely clotted, they should be packed and shipped by mail (special 
delivery) , rapid express, or by messenger, to the laboratory. All labeling must 
be clear and permanent, and may be done with a suitable pencil on etched 
portions of the tube, or by means of fast-gum labels. 

(3) The blood samples must reach the laboratory in a fresh and 
unhemolyxed condition. Heraolyzed samples should be rejected. It is impera- 
tive, therefore, to cool the tubes immediately after slanting and clotting, and 
unl ess they reach the laboratory within a few hours, to pack them with ice 
in special containers, or use some other cooling system which will insure 
their preservation during transportation. In severe cold seasons, extreme pre- 
cautions must be exercised to prevent freezing and consequent laking. The 
samples must be placed in cold (5® to 10® C) storage, immediately upon 
arrival at the laboratory. 

(b) The antigen shall consist of representative strains of S. pullorum 
which are of known ancigenic composition, high agglutinabilicy, but are not 
sensitive to negative and nonspecific sera. The sto^ cultures may be main- 
tained satisfaaorily by ttanshtting to new sloped agar ar least once a month 
and keeping ac 18® to 25® C (average room temperature) in a dark closet 
Of chest, following incubation for from 24 to 36 hours at 37® C The anti- 
genic composition and purity of the stock cultures should be checked con- 
sistently. 

Tbe rapid serum test: (a) The procedure for collection and delivery of 
blood samples in the rapid serum test is the same as for the standard tube 
agglueinacha ccsc, 

(b) The tests should be conducted on a suitable, smooth plate. The 
scrum-antigen dilution should be made so that the dilution will not exceed 
1;50 when compared ro the standard tube agglutination test. When testing 
turkey blood samples it is desirable to use a serum-antigen dilution equivalent 
to the 1:25 in the tube method. The serum should be added to the antigen 
and mixed thoroughly by use of the tip of the serum pipette. Most strong 
positive reactions will be pbinly evident witliin 15 to 20 seconds. The final 
reading should be made ac the end of 2 or 3 minutes. Heating tbe plate at 
approximately 37® C. will hasten agglutination. Before reading, the plate 
should be rotated several times. 

(c) The results shall be recorded as: 

N, or — (negative) when the scrum-antigen mixture remains uniformly 
turbid. 

P, or + (positive) when there is a distina clumping of the antigen, and 
the liquid between the agglutinated particles is clear. 
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Fig. 221. Judging llva turkeys. {Courtesy Turkey World, Mount Morris, III.) 


S, or } (suspicious) when the agglutination is only partial or incompiew- 
M, or missing, when samples listed on the original record sheet are missi^- 
H, or hemolyzed, when blood samples are hemolyzed and cannot be tested- 
B, or broken, when sample cubes are broken and no serum can be obtained. 


Judging Turkeys for Exhibition, JJve Market, 
or Dressed Quality 

Until recent years the only shows for turkeys were the exhibition poultry 
shows. The realization that the winners in these exhibition shows were not 
necessarily the l^t market birds led to the establishment of shows where the 
live birds were judged for their market quality and also shows where dressed 
birds were exhibited. Renewed interest in turkey raising has also aroused an 
interest in the quality of poults and led to the day-old poult shows which arc 
now held in some states. 

Exhibition judging. While turkeys, like other species are judged generally 
by comparison, the score card (scale of points) gives the valuation for the 
different seaions that should be considered by the judge (Figure 221). 


Standard Stale of PoitOj for Judging Lire Turkeys [19S3\ 


Shape Color Total 

Symmetry and Carriage 6 6 


Coadition 

Weight 

Head 

Eye* 

Throat' AVatUe 
Neck . . . 


10 10 

8 8 

3 1 4 

1 1 2 

1 1 

3 3 


Shape Color Total 

BackaadSpnogRibi 10 3 >3 

Tail 336 

Wingi and Shoulders. . ..6 2 ® 

Breait and Keel 25 3 28 

Thigh and Huff 6 1 ^ 

LegaandToei 3 I * 

85 15 100 


TOTAL 
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Live market classes. In many tur- 
key shows the judges are emphasizing 
market t^uality instead of color pattern. 
Some shows have Jive marker classes 
in which turkeys are judged almost ex- 
clusively for market quality. Marsden 
and Martin have suggested the score 
card on page 552 for judging live mar- 
ket turkeys. 

Dressed turkey exhibits. Since the 
turkey is primarily a marker bird sold 
to the ultimate consumer in the dressed 
condition and since the dressed mar- 
ket appearance of the bird cannot be 
judged always by looking at the live 
specimen, there have arisen the dressed 
classes for turkeys (Fig. 222). They 
have served a very useful purpose in 
that they have educated producers to 
market demands and stimulated con- 
sumer demand for quality turkeys. 

Poult shows. The poult show tends 
to focus attention on the production 
of quality poults. The quality of tur- 
key poults is improving, but many in- 
ferior poults are being started by tur- 
key raisers. The poult show serves as an 
educational medium for those inter- 
ested in producing better poults. The 
Itywa State Tuikey Pouit Show, die 
first of its kind in the United States, for 
their fifth show May 1 1—13, 1939, used 
the following score card. 



CetItTW --TUtlllT WOIL0-* 

fig. 222. Champion* at the Wothmgton 
Turkey show, December, 1939. 


Sturdiness and activity 20 

Perfection and development 20 

Weight before feeding 10 

Uniformity of size I4 

Apparent breed type 10 

Trueness to color 14 

Uniformity of color 12 


The production and sale of turkey poults by turkey breeders and hatcheries 
is a relatively new but very rapidly expanding business. The attention focused 
on quality by the poulc shows should do much to improve tljc quality of the 
poults produced and sold. The primary consideration of the producer as well 
as the turkey hatcher)man is a healthy and vigorous poult. This poult score 
could well afford to assign more value to these points. 
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The National Turkey Federation Dressed Turkey Show 

Basis for judging. The dressed turkey standard and scale of “ 

prepared and adopted by the National Turkey Federation, are the 
guides for the judges and the exhibitors at dus show. These may oe 
maiized as follows*. 


DRESSED TURKEY STANDARD 

CONFORMA*nON 50 

Depth of Body, Width of Breast, Length 
of Keel, Width of Back and Shoulders, 

Legs Moderately Short. 

FLESHING AND FINISH 25 

Fine texture and pliable skin, General 
coveting with smooth coat of finn fat. 

^URKET APPEARANCE JN DRESSING 25 

Geanliaess and body bloom. 


Free of abrasions, bruises, and improper 
bleeding. 

Freedom from pin feathers. 

The local show committee administers the National Dressed Turkey Show 
in accordance with the rules and regulations adopted by the National 
Dressed Turkey Show Policy and Coordinating Committee. 

No one is allowed to handle any of the biri on exhibit, with the excep- 
tion of the judges and show representatives. 

All birds entered in the show must be frozen. 


REVIEW QUESTIONS 

1. Where did the early New England colonists obtain their turkey breeding 
stock? 

2. What variety of turkeys is most popular in America? Why? 

3. Name in order of imponance the objectives of a turkey-breeding program- 

4 What charaaers must be established in turkej-s to insure high egg production? 

5 What faaors contribute to the occurrence of pendulous crops in turkej’S? 

6. Can turkey-breeding stock be confined to bouses or <m^H yards without re- 
ducing hatchability? 

7. What IS the purpose of turkey “saddles"? 

8. What breeding sages arc suggested for turkeys in the National Turkey lO' 
provement Plan? 
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Profits from turkey raising axe determined largely by the efficiency at- 
tained in production, in the control of diseases and parasites, and in marketing- 


Incubation 


Artificial incubation has, quite generally, replaced natural methods be- 
cause (1) the time of setting can be controlled; (2) a larger number of 
poults can be hatched at the same time; (3) egg production of the breeding 
stock is higher, because the hens do not take time out to set; (4) there is 
less danger of transmitting disease to the poults; and ( 5 ) artificial incubation 
is less expensive than the natural incubation of turkey eggs, if all items of 
cost are considered. 

Selection of hatching eggs. The reasons for making a selection of turkey 
hatching eggs are to improve hatching results, and to improve the quality of 
the poults produced. The only egg characteristic thus fax found to be associ- 
ated with hatchability is egg size. As in chicken eggs, it has been found that 
the very small eggs and the extremely Urge eggs do not hatch well. Ex- 
tremely small eggs should be discarded because they produce undersized 
poults; but large eggs need not be discarded, because even though they may 
not hatch well, they are worth more for producing poults than any other 
MX which can be made of them. The Kentucky Agricultural Experiment Sta- 
tion has reported that poults hatdied from these <mall and large eggs lack 
vitality, and the mortality among them is higher than among poults hatched 
from eggs of a more normal size. The average weight of eggs laid by Bronze 
hens during their first season’s production is about eiehtv-five erams or three 
ounces. (Table 121.) ® ^ ^ 

SmaU hc^ tend to produce smaUcr eggs than do larger hens. Eggs having 
^normal shape and those with thin shells or cracked shells should not be used 
for hatching purposes. 

Care of hatching eggs. The hatchability of the best hatching eggs can be 
destroyed hy unpro^r care while the eggs are being held before seSng. The 
three faaots most iiliely to reduce hatchability during this period are ( 1 ) ab- 
ootnul holdmg temperames. (2) holdmg the eggs too loil and (3) rough 
handlmg. Smee the embiyo undergoes development at temperatures above 


Turkey Production and Management 535 

Table 121 


WEIGHT OF TURKEY EGGS 


Hens Laying 

Nuusu 1 

Pee Cent 

1 Aveeace 

HE^S 

1 

Of Total 

Gramt 

Ounce* 

Very small eggs — below 70 grams 

4 ' 

1 

67.00 

2.36 

Small eggs 70-79 grams 

127 1 

24 

76.17 

2.69 

Medium-siaed eggs — 80-89 grams 

298 

S6 


196 

I.arge eggs — 90-99 grams 

98 

18 

92.36 

3.2S 

Very large eggs — 100 grams and over 

4 

1 

101.50 

3.58 

All hens 
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83.68 

, 2.95 


82®?., hatching eggs should be held at lower tenDperanues. Work at the 
Kansas Agricultural Experiment Station (Table 122) showed that excellent 
hatching results were obtained when turkey eggs were held between 55® F- 
and 60® F. foe as long os four weeks. Eggs held at high temperatures undergo 
some embryonic development and are thereby we^ened so that the per> 
centage of hatch is reduced. When' eggs are held at low temperatures hatch- 
ability is reduced, though turkey eggs apparently resist cold better than do 
chicken eggs. Temperatures near freezing for a few days will completely de- 
stroy hatchability. The length of time turkey eggs can be held without re- 
ducing hatching results is very largely dependent upon the temperature at 
which they are held. Ir has been shown that rough handling, which causes the 
air cells to become tremulous, reduces the hatchability of chicken eggs. No 

Table 122 


EFFECT OF HOLDING TEMPERATURE AND AGE OF EGG ON HATCHABILITy 
OF TURKEY EGGS ' 



1 llATCaAaiUTT 

Day* 1Ieu> | 

Temp. JS*F. 



Temp CO-7S*F 
il929) 

w 

66 


89 

72 

7-13 

52 

65 

90 

73 

14-20 

27 

75 ' 

85 

45 

21-27 

6 

67 

84 

14 

2S-34 

0 

61 


6 


^ Kao. Agr. Expe Sta. Bui. 276. 
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doubt mikcy eggs are affected in a similar manner. Tnrkey effis bef S 

held before setting should be kept where the temperature is ^ * 

and 60® F. They should be held with the small end down in regul^ egg 
equipped with duck-egg fillers. Under the usual operating conditions tnj^ 
should not be held longer than two weeks. Turning by tilting the case 
ommended if the eggs are held longer than one week. 


Management of the Incubator 

Poor hatches of turkey eggs are relatively more common than of chicken 
eggs. However, the cause is often found in the breeding stock or its 
ment instead of in the incubation. There are, of course, incubation pro 
and the correct principles of incubation must be applied if satisfactory hat es 
of turkey eggs are to be obtained. Many turkey growers are purchasing poul® 
or having eggs custom hatched, thus eliminating their problem of incuMtioo- 
With good hatchable eggs the modern incubator when properly operated 
give etjually as satisfactory results when hatching turkey eggs as when 
for hatching chicken eggs. The principles involved are the same but the re 
(^uirements are slightly difierent. 

Temperature. There are certain definite limits between which the terO' 
perature of the incubator must be kept if satisfactory hatching results are to 
be obtained with turkey eggs. Eggs incubated in forced-draft incubators batch 
well when kept at from 99® F. to 100° F, if the other requirements for incu- 
bation ate satisfied. Results obtained at the Kentucky Agricultural Expe*‘* 
ment Station in 1935 showed that a satisfaaory weekly schedule of operauog 
temperatures to follow when incubating turkey eggs In seaional incubatort 
was, for the tespeaive four weeks, 100.5° F., 101.5° F., 102.5° F., and 103-5 
F., when the bulb of the thermometer was level with the top of the eggs- "U*® 
thermometer used in the incubators should be compared with a thermometer 
of known accuracy, preferably a physician's thermometer, so that no mistakes 
will be made when the temperatures arc read. 

Humidity- For best results the relative humidity for incubating turkey eggs 
is near 60 per cent for the first twenty-four days and 70 per cent for the last 
four days. Such humidity conditions produce about the correa evaporation 
from the egg and provide satisfaaory hatching conditions. To obtain the 
above relative humidities in forced-draft incubators the wet bulb reading 
in such incubators should record for the first twenty-four days of incubation 
a temperature of 12° F. below the dry bulb temperature reading, and for ih® 
last four days of incubation the difference should be 9° F. When seaional 
machines axe used, the most satisfactory methods for judging moisture con- 
ditions in the incubator are ( 1 ) observing the size of the air cell at intervals 
and estimating the rate of evaporation, (2) weighing a tray or sample of egg* 
at regular intervab and comparing the pcrccnuge loss in weight with ex- 
perimental data wbidv is avaibble, and (3) using in "still-air” incubators a 
hjgrometcr which can be purchased from poultry supply houses. Work at the 
Kansas Agricultural Experiment Station indicates that the optimum loss of 



537 


Turkey Production and Management 

moisture from turkey e^s while being incubated is about 3.0 per cent or 
less per week or from 11 to 13 per cent for the first twenty-four days of incu- 
bation. 

Ventilation. Proper ventilation of the incubator and the incubator room 
are essential for successful hatches from turkey eggs. The developing em- 
bryos require air containing about 21 per cent oxygen and nor more than 
1.5 per cent carbon dioxide. Since the oj^gen requirements of the embryos 
increase as they develop, it is evident that ventilation must be increased as 
the hatch progresses. Any increase in ventilation tends to reduce the relative 
humidity of the incubator. For best results at hatching time the incubator 
must be well ventilated and the hiunidity kept high. 

Turning. For satisfactory hatches turkey eggs muse be properly turned 
while being incubated. They should be turned at least twice daily up to the 
twenty-fourth day of incubation. With machines equipped with turning de- 
vices which require but little labor, the eggs should be turned at least five 
times daily. If the turning is done by hand, turning twice daily will give 
satisfactory results, although the hatch could be increased somewhat by turn- 
ing more often. Developing embryos are sensitive organisms and therefore 
the turning of eggs or shifting of their position should be done with a mini- 
mum of jaicing. 

Handling newly hatched poulcs. The newly batched poults should not 
be exposed to temperatures lower than their hatching compartment until 
they have dried off. After they are "fiulfed out," they may be allowed to drop 
into the nursery tray or be placed in boxes where the temperature is lower 
so that they may "harden." The bottom of the box or tray should be covered 
with material which will prevent slipping and therefore the spraddling of the 
legs. Poults may be held or shipped in regular chick boxes, placing from 
fifteen to eighteen poults in the compartments designed for twenty-five 
chicks (Fig. 223). 

The production and sale of day-old poulcs. The production and sale of 
day-old poults has during the past few years made rapid progress. Turkey 
producers appear to be following the lead of poultry raisers who have quite 
largely turned to the purchase of day-old chicks instead of doing their own 
hatdiing. Many large turkey producers maintain breeding flocks which they 
use for producing poulrs for tlicir own use and hatching eggs or poulcs for 
sale. Tire development of hatcheries which specialize in poult production has 
created a demand for turkey-hatching eggs whicli has stimulated the growth 
of hatdtcry supply flocks. If properly managed, the commercial production 
of day-old poults may be expected to increase, and such producers become the 
source of supply of most poults. 

Brooding and Rearing 

Success or failure in raising turkejs is usually determined during the brood- 
ing period. Young tuikc)S are quite sensime ax this age and they must re- 
ceive proper ore and attention while being brooded. 
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Fig. 224. Noturol brooding of turkeys. Brooding costs ore low. These turkeys will recover 
much waste groin. 


Natural Brooding 

Artificial brooding has quite generally replaced natural methods of brood- 
ing as turkey raising has become more commercialized. The turkey grower 
who raises several thousand turkeys each year cannot very ^ell do so with 
hens. The producer who raises only a few curke} s often ures turkey hens for 
brooding and raising them. Hens may be us^ for brooding bte-hacched 
poults, since the v.eather is then more favorable and the hens have com- 
pleted the production of eggs suitable for hatching purposes. From twelve 
to fifteen poults can be brooded with a chicken hen and about twenc)' poults 
with a turkey hen. Figure 224 shows a flock of young turkeys being cared for 
by turkey hens. 

Hens, eitlter chicken or turkey, used for brooding poults should be free 
from disease and parasites. There is danger of spreading lice and blackhead 
as well as other diseases from the hens to the poults. The spread of lice to the 
poults can be prevented by dusting the hens with sodium fiuoride at ten-day 
intervals twice before they are placed with the poults. 

Artificial Brooding 

Within the last fifteen or twenty years turkey raising has become highly 
commercialized and many growers now raise several thousand birds annually. 
Such large-scale operations are possible now because praaical methods of 
anificial incubation and brooding have been dc^ eloped (Fig. 225). 

Brooding Requiremetrts for Turkeys 

Successful brooding of poults depends upon satisfying all of the essential 
requirements of the poults at this sage of their dc\ elopment The environ- 
mental conditions neccssar)’ for sacisfaccory growth during the brooding 
period arc proper temperature, adequate ventilation, sanitary quarters, and 
suflicicnt room. 



COlItTIIT "lUtMT weiie ' 


Fig. 225. Storting pouUt with on •tecirle broodor. Not* Itcd ploced on ogg^cos* fill*'' 

1o •ncourog* eoting th* firit f«w doyi. Small f*«dcrt ond wolcrert for young poulti C* 
ploc*. 

Temperatute. The environmental temperamre for poults must be con- 
trolled so that they are kept comfortable during the brooding period. 
the first few days they should be confined by means of a guard near the 
source of heat so that they may learn where to go later to become warm, 
after the guard has been removed. Before the poults are placed under the 
hover, the temperature should be adjusted to about 95° F. two inches above 
the floor at the edge of the hover of a fuel-burning brooder or under tl« 
hover of an electric brooder. The temperature should be reduced about 5 F. 
each week until heat is no longer needed. After heat is no longer needed 
during the day, it will be needed at night to prevent chilling and piling- 
Ventilation and humidity. Fresh air is necessary for normal growth and 
development. Ordinarily, a brooder house with an open front which has a 
mushn curtain for use in cold or windy weather will provide sufficient ventila- 
tion. Faulty brooder stoves when operated m tightly closed brooder houses 
sometimes cause carbon monoxide poisoning of poults. The condition of the 
air in a brooder house can be judged best when one first enters it. Foul air 
generally can be detected by odors. 

Proper ventilation will help prevent dampness in the brooder house. One 
indication of poor ventilation in the brooder house is dampness. The brooder 
house should be kept reasonably dry at all times. However, an excessively dry 
brooder room causes poor feather growth and should therefore be avoided. 
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Sanicacioa. The prevention of disease in turkeys depends quite largely 
on the sanitation program followed. The brooder and all equipment used 
should be cleaned often and kept in a sanitary condition at all times. 

Floor space. It is false economy to overcrowd poults in the brooder house. 
A good rule to follow is to allow for the first eight weeks at least one square 
foot of floor space for each poult. Each poult should also be provided with 
from 10 to 14 square inches of space beneath the canopy of the brooder 
stove. A brooder stove with a 52-inch canopy will provide room for 150 
poults. 


Broodmg Equipment 

The equipment needed for brooding poults is quite similar to, and in 
many instances the same, as that used for brooding chicks. 

Houses, hfovable colony brooder houses and permanent brooder houses 
are both used for brooding poults. A 10'xl2' colony brooder house will 
provide room for starting and brooding to eight weeks of age 125 poults. 
Permanent brooder houses are generally used by commercial turkey growers. 
When equipped with sun pordies, they provide excellent brooder house 
facilities for the poults os long as they ne^^ heat. 

Brooder stoves. Any brooder suitable for chicks can be used for starting 
poults. Colony brooder stoves are used in the small movable brooder houses 
and also in the individual pens of the long, permanent houses. Hoc water 
brooding systems are very desirable for the long houses with many pens. 
Battery brooders are being used successfully by some producers for brotxiing 
poults as long as they need hear (Fig. 226). 

Feeders and w*aterers. Poults should always have an opportunity to eat 
or drink when they so desire. The feeders and waterers used for chicks are 
satisfaaory for poults. For the firsc eight weeks each pouir should be pro- 
vided with two inches of feeding space at such feeders, as showm in Figure 
227. One fountain (one gallon size or larger) should be provided for each 
fifty poults. Both the feeding and watering space should be increased as the 
poults grow into larger birds. 

Roosts. Roosts should be placed in the brooder house by the time the 
poults are tltree or four weeks old. These roosts should be l"x2", I'^x 3", 
or l"x4" laid fiat and built on frames about one foot high, with poultry 
netting beneath them to prevent the poults from falling from the roosts and 
to keep them away from their droppings. 

Brooder Management 

Success in brooding turkeys depends quite largely upon the good judg- 
mcnc of the operator. The moiugcmenc praaices follov.cd arc most im- 
portant. 

Providing brooding requirements. The requirements listed above must 
be provided. The poults must be kept comforuble regardless of outside 



fig, 216. Starting poulti in a baH«ry brooder reduces lobor to a minimum end prerent* eflfl/ 
brooding treublei. such os piling. 

weather coaditioas; the brooder room must be adequately ventilated; sanitary 
quarters must be maintained; the birds must be provided with plenty oi 
room; and they must be properly fed. 

Liner for poults. Litter is essential for maintaining a sanitary broody 
house floor, unless baneries are used. For the first tv.'o weeks, coarse sand, 
gravel, peat moss, or other suitable litter is recommended. It is well to cover 
the Utter with paper while teaching the poults to eat, so that they do not con- 
sume too much Utter before they learn to find their feed. Later, coarser litters 
such as straw, shavings, or ground corncobs may be used. Wire floors are used 
by some producers. One-inch mesh wire floors covered with one-half-incb 
mesh hardware cloth for the first two or three weeks provides a very sanitary 
floor. Such floors are expensive and often inconvenient to move. 

Educating the poults. One problem which the beginner’s io' 

genmty is that of teaching poults to eat. Some use rolled oats, others milk or 
clabber, and others finely chopped boiled eggs or green feed. Some producers 
place a few older poults or some day-old chicks with the poults to teach them 
to eat. 

When placed under a cano^r brooder, the poults should be confined by 
a guard such as shown in Figure 225. This will teach the poults where to go 
to become warm. AU corners should be rounded off to pr^enc piling. Poults 
should be taught to roost early as this wUl prc\-ent piling at night. 
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eeantii mitouii urciiatHt $mtoii 

Fig. 227. Pdulu about rtody (or rango. A reel feeder, water feunlain, 2" x A” roottt, end 
an eteetrie hover ore in ute. 


Rearing Turkeys 

Raising or growing turkeys after they no longer need heat and the pro- 
teaion of a brooder house is a necessary part of any turkey production 
program. 

Confinement or range. The producer must choose between raising turkeys 
in confinement or on range. Figure 228 shows turkeys being raised in com- 
plete confinement. Either system gives satisfactoiy results when properly 
managed. Confinement is necessary if all avaibble range is contaminated with 
disease or parasites. Range can be made to supply green feed and thereby 
supplement the ration and reduce the feed costs. Confinement brooding re- 
quires more expensive equipment and is recommended only when suitable 
conditions are not available for growing turkeys on range. Limited range 
is preferred to free range for turkeys so that the range may be rotat^. 
Turkeys which are well fed, however, remain near the feed and water. 

Range shelters and roosts. Some growers use range shelters as roosting 
quarters for turkeys. In some cases roosts are provid^ on the roof of the 
range shelter as well as under the roof, as is shown in Figure 229. Poults can 
be moved to range earlier if range shelters arc used than if they have to 
roost ia ebe open wirhoac any prorccrioa agafnsr che weather. 

Roosts are generally used but are not absolutely necessary for nirkeys. 
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orrong*tn*i'* 


Fig. 228. Sun porch for roiting turkeys irt complete confinement. Note orrengement et r 
end waterert. 

Some growers roost their turkeys on the ground. Recent investigations re- 
potted by the Wyoming Agricultural Experiment Station showed that foi^* 
inch poles were the most satisfaaory roosts for growing turkeys. Two-by* 
fours laid flat and slightly tilted are also very good roosts. Narrow roosts »n* 
crease the number of dented breastbones. Some producers build roosts on 
wheels so that they can be moved easily. Roosts placed on saw horses eae 
satisfaaory and can be moved easily. The roosting quarters, if permanent for 
the season, should be so arranged that the turkeys cannot get to the dropping^. 

Yards for growing turkeys. Where a small number of turkeys are 
raised, it is advisable to confine them to limited range by using temper^ 
yards. One aae of land on which there is good growing green feed will pro* 
vide enough range for 125 turkeys to market age. Movable fences, such as 
are generally used as snow fences along highways, make very good temporary 
fences for yarding nirkeys. They should be moved about every two w’ceks 
and so arranged that about one-fourth of the acre is in the yard. 

Shade. In most sections of the United States nirkeys need shade during the 
summer months. Trees and growing crops such as corn, grain sorghums, and 
sunflowers provide the best shade for turkeys. But if such shade is 0°' 
available, artificial shade should be provided. 

Protcaion against predators and thieves. In some seaions the greatest 
obstacles to turkey raising arc predatory animals, including Homo sapiens. 
WclUonstructcd wire fences will protea turkeys against dogs, wolves, 
co)Otcs. Flares arranged near the roosts will scare most animals away, as well 
as thiescs. Some growers axe curi>ing thieving by tattooing their birds. 


ceuittiT *-iuiRn vetto” 


Fig. 229. A range theller equipped with rooits beneath the roof and oIm on top of the roof. 

tattoo marks are placed oq the web of the wing and they axe valuable in 
identifying stolen birds. 

Requirements for Growth 

Growth of turkeys. The growth rate of turkeys is higher than that of 
chickens, and as in Sickens, growth is influenced by a number of faaors. 
The producer of turkeys is interested in a telaiively high rate of growth 
throughout the growing period so that economical gains may be obtained up 
to the age when the birds are marketable. A comparison of the siaes of 
ruxkeys of dlSezent stains at vas'ious ages as presented in Tabies 123 and 
124 shows wide differences. At twenty-four weeks of age the w’ild males 
averaged 11.03 pounds as compared to 2120 pounds mr the extra-large 
Bronze males; the wild birds were only about one-half the size of the 
domesticated strains which had been bred for large size. Heredity, there- 
fore, is an important factor inOuencing growth. 

Tlie ration used influences the rate of growth; howe\’er, the mature body 
w-eight is not marerially diffcrenc if the rations used maintain the health of 
the turkey. High protein rations produce more rapid early gains, but the 
adult turkeys at twenty-eight weeks of age are about the same size as those 
grown on a lower protein level. 

TIic weather b also a factor influencing growth. Turkeys grow slowly dur- 
ing hot weather, but later compensate for such retarded growth so that the 
mature body weight is about the same as if tlicy had not been exposed to 
high temperatures. 

Nutritise requirements of the turkey. The nutritive requirements of 
the turkey arc similar to those of the chicken but vary in some respects. 
The turkey is quite sensitise to nuitittse deficiencies and the wise producer 


546 


Poultry: Science and Practice 


Table 123 


GROWTH STANDARDS FOR MALE TURKEYS * 




~~ 

A«e 

Extr»- 
Large 
Broou • 

Standard- 

Bred 

Mediunr- 

Sized 

BronieV 

RThite 

HolUsd* 

Black* 

Small 
Type— All 
Vaneue* ^ 

Wld* 

1 day 

2 weeks 

4 weeks 

8 weeks 

12 weeks 

16 weeks 

20 weeks 

24 weeks 

26 weeks 
23 weeks 
30 weeks 
32 weeks 

.12 

.30 

.80 

3.20 
6.80 
11.80 

17.00 

21.20 

1 23.00 

24.20 

25.00 
25.60 

.13 

.33 

.86 

3.13 

6.54 

10.35 
14.47 
18.23 
20.18 

21.35 

23.35 
23.95 

.13 

.30 

.80 

2.79 

5.40 

8.58 

12.10 

15.17 

16.91 

18.51 

20.30 

.12 

.34 

.78 

2.33 

5.38 

9.39 
13.15 
16.42 

.11 

.35 

.87 

2.92 

5.66 

8.53 

12.27 

15.54 
17.79 

19.54 
21.36 

... 

.11 

.33 

.86 

2.99 

5.45 

8.35 

11.11 

14.21 

16.03 

17.79 

.11 

.28 

.62 

2.06 

3.62 

5.90 

8.94 

11.03 

12.06 

1158 


• U.S.D.A. kOkU.Eipt.Su. • P«. Suu C<4Uf«. *Tfct»uil«>r». •UrToR»elreJ^F»^^.De«o^t,^Ecl^. 


Table 124 


GROWTH STANDARDS FOR FEMALE TURKEYS * 


Af* 1 

BrotS* 

Standard- 
^Bf»d ^ 

Med>u» 

Wkjte 

HoUaad* 

Black* 

Snull . 
Type— All 
Vaneue* a 

Wild* 

tday 

.12 ' 

.13 

.12 

.12 

.12 

.11 

.11 

2 weeks 

.30 

.30 

.28 

.32 

.33 

.29 


avoirs ^ 

.70 

.75 

.72 

.69 

.80 

.72 


8 weeks 

2.50 

2.68 

142 

1.97 

2.58 

2.23 


12 weeks 

5.60 

5.28 

4.51 

4.31 

4.69 

3.86 

3.16 

16weeks 

9.00 

7.67 


6.95 

6.62 



20 weeks 

11.90 

9.67 

8.67 

8.88 

8.75 

7.38 

b.t)2 

24 weeks 

14.20 

11.15 

9.95 

10.74 

9.96 

8.71 


26 weeks 

15.00 

12.04 

10.58 


10.94 

9.44 


23 weeks 

15.70 

1148 

11.11 


11.81 

10.02 

8.34 

30 weeks 

16.20 

13.28 

11.57 


1153 



32 weeks 

1660 

13.37 





... 


•U.S.D.A kCU4.£xpcSU. *FkSUUCaIkcc. •LiitoRotaich F»m.D«li®*LSUtK 


will use reliable rations and leave c*perLraenta'*‘°" agricultural ex* 

perimem sutions established for that purpose ’ 

Protein reejuirements. The turkey require'"-* ^ protein ration for the 
first few weeks »hcn the rate of growth is growth 

diminishes and the birds approach ny-Vj. the proteitt content of the ration 

*Diu from Turktj Mtruttmtifi ^Marsdeo and Mania. 1939. By pcrnunioo ol 
The Intenme Pnnien and Publisher*. 

*Diu (rcMS Turitf by Maradea aod Martio. 1939. By perminioa o< 

rhe Inuruaxe Pnnier * vn4 Fubluber*. 
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may be reduced. Work done at different stations on this subject indicates 
that a ration containing 24 per cent protein for the first six weeks, 20 per 
cent for next six weeks, and thereafter reduced to 15 or l6 per cent, by al» 
lowing the birds to choose mash or grain, provides the growing turkey with 
sufficient protein if that protein is of suitable quality, ftfear scrap, fish meal, 
dried buttermilk, dried skim milk, and soybean oil meal are all suitable pro- 
tein concentrates for turkey rations. 

Vitamin requii^meats. Turkeys have higher vitamin requirements than 
chickens (Table 51) and therefore their rations must be well fortified with 
vitamins. Table 125 on Vitamin Requirements for Turkeys, prepared by Dr. 
Krataer of the Universit)’ of California, presents a resume of the require- 
ments as established up to 1950. The whole field of vitamin research is so 
active that each year brings much new knowledge. 

Mineral requirements. Though it is apparent that turkeys must receive 
in their radons all of the mineral elements necessary to sustain life and 
stimulate normal development, it is equally apparent that these elements are 
present in sufficient quantities in otherwise well-balanced rations if the birds 
have access to range so that no special mineral supplements are needed. For 
proof of this, witness the turkeys raised by a turkey hen on range. The princi- 
pal mineral elements needed by turkeys are calcium, phosphorus, s^ium, 
chlorine, manganese, iron, iodine, potassium, and magnesium. But even under 
the conditions of commercial produaion, only the first five of these need be 
fed as special supplements. Bone meal supplies calcium and phosphorus, salt 
supplies sodium and chlorine, and manganese sulphate may be used as a 
source of manganese. These should be incorporated in the mash as indicated 
by mash mixtures suggested in Table 128. (For a more detailed discussion of 
minerals see Chapters Nine and Ten.) 

Energy requirements. Normal body activity and functions require energy 
for maintenance, growth, and egg prixluaioa. Fats, proteins, and carbohy- 
drates may serve as sources of energy. Such cax£>onaceous feeds as the grains 
are the principal sources of heat and energy in the rarioa 

Water requirement. Water is one of the most important nutrients for an- 
imal life. It constitutes by weight more than 50 per cent of the young grow- 
ing turkey, makes digestion and absorption possible, is an imporant con- 
stituent of the blood and I)mph and thereby screes as a carrier of the nutrients 
and waste products of the body, and it aids the body in temperature regulation 
by providing a means of e%'aporation. 

Feed consumption of turke)-s. The feed consumption of growing turkeys 
inacases from about one and one-half pounds per bird during the first 
month (four weeks) to approximately twenty pounds daring the se\'enth 
month. The total consumption of mash and grain per bird per month for 
turkeys completely confin^ is shown by Fig^e 230. The proportion of mash 
and grain v.hich tuikcjs will consume, if they have their choice, varies with 
the protein content of the mash (Table 126). Evidently tuxke}'s as well as 
chickens have the ability to choose feeds which satisfy their requirements 
at a panicular stage of dc^•eIopmcot. 
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Table 125 (fontinued) 


Vitamin 

Symptoms of Deficiency 

Amount 

Recommended per 1 
I\>und of Feed 

Best Sources 

Bu 

Poor growth, poor livahibty. 

1 fDcfiacoey aggravated by de- 
ficiency of cholme.) Deficiency 
hat not been demonstrated in 
breeders except as it influences 
carry-over in poults. 

Exact level unkoois n. ' 

! 

Fish meal, condensed fish solubles, 
liver meal, milk products, meat 
scrap, fermentation products. 

UnWenufied 

Factors 

There is strong experimental evt- 
dcRce far the ezis teaceof other 
growth promoting and growth 
inhibiting factors in natural 
feeditufls. Further research U 
needed to determine their im- 
portance in turkey feeding 
practice. 




Several aoublotici and arsenicala have been ahown to cauM improved eati^ ftrowth when fed to poultt. 
Tbeae are not clattified at ntamica becaute they do not act upon the fmult itself. Presumably, they cause 
chaoga in the nicrodora of the gaitroiotestinat tract in such a way that the bird is benefited. The exact mecha- 
nism lovolv^ it unlinown. They are not supplied by natural fecdstuffs. 


* These vitamins mutt be given special coosidccation in formulatiofc practical turkey rauons. 


Efficiency of gains made by turkeys. Turkeys are efficient meat-pro* 
ductng animals. During the ffisc nvelve tveeks of their lives, turkeys will in* 
aease their body weight by one pound for each three pounds or less of 
feed consumed (Fig. 231). After the third month, the feed requited to pro* 
duce a pound of gain increases rapidly, thing to above seven pounds during 
the seventh month and as much as ten pounds for the eighth month. The 
turkey producer is interested in the amount of feed required to produce a 


Table 126 

RvVTIO OF MASH CONSUMPTION TO GR.VIN CONSUMED BY CROWING TURKEYS * 


5 S': 


PaoK>aTio’< or Masit to Scxatcr CoKxwtn Di*mi!ce trk Banonmo aris Rcauiie Pxaioo 


S<S 
■< ~ 

M 

Weeks 

5 -S 

Weeks 

0-12 

Weeks 

l»-I 6 

Weeks 

l 7 -» 

Weeks 

21 - 2 « 

Weeks 

1^9 

29 -J 2 

Weeks 

l- 2 i 

Wee^ 



»-23 

Weeks 

18 

96:4 

97:3 

m 

97:3 

90:10 

6753 

39:61 


85as 

74:26 


7753 

:o 

94:6 

97:3 

87:13 

87:13 

71^9 

4654 

30:70 


72:28 

61:39 


6456 

22 

92:8 

94:6 

85 ; 1 S 

S 9 :]l 

67:33 

4753 

30.70 

24;76 

72:23 

6258 

54 .-46 

6456 

24 

84:16 

88:12 

74:26 

77:23 

65:35 

4852 

30:70 

20 :S 0 

6753 

S 8 rl 2 

54^16 

59:41 

26 

915 

86:14 

79:21 

77:23 

61 •J 9 

39:61 

27:73 


6357 

S 4 r«i 



23 

87:13 

82:18 

72:28 

TOyO 

54 M 6 

33:67 

25:75 


57^^3 

4951 



30 

84:16 

81:19 

70:30 

63:37 

4852 

2852 

26:74 


53:47 

4654 




*Dju from Ti«ri «7 by Manden and Maxtm. 1939 . By petromion of 

The Intersuie Pilmcrs and Publhhen. 
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Hj. mo. Ik. .1 i„j „„„„d 


[»und of nuilicuble mtley. Since most turkeys ate in market condition by 
the tucnty-fourth to ntentyurighth »eek of age. feed requirements cafcu- 
Uied to that age g.se the mfotmation desired by the producer. Tabie 127 
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MONTHS 


Fig. 231. th* pounds of food raquirod to prodwco on* pound of gom by Bronx* turkays. 

shows the feed (mash and grain) required to produce one pound of gain 
with Bronze turkeys raised in complete confinement to twenty-eight wecJ« of 
age. Turkeys raised on range where there is growing green feed would con- 
sume less mash and grain per pound of gain because they would consume con- 
siderable quantities of green feed and insects. Results reported by the 
Indiana and the Oregon Agricultural Experiment Stations show that male 
turkeys utilize feed more efficiently than female turkeys from the eighteenth 
to twenty-eighth weeks (Indiana) and twenq^ to ibirry-two weeks (Oregon). 

In smdies which have been made at the Missouri Station, it has been found 
that males make more efficient gains than females after the l6th week of age 
and that from 17 to 30 weeks of age the males require both less protein and 
carbonaceous nutrients per pound of gain than are required by femaJes during 
the same period. These data arc of course limited to the periods covered. 
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Table 127 

FEED REQUIRED TO PRODUCE ONE POUND OF TURKEY 
MEAT IN BRONZE TURKEYS RAISED IN COMPLETE 
CONFINEilENT TO TWENTY-EIGHT WEEKS OF AGE AT 
THE MISSOURI AGRICULTURAL EXPERIMENT STATION 


LoU 

1936 

1937 

1 

4.7 

4.9 

2 1 

4-8 

5.2 

3 

4.7 

5.3 


Rations for growing turkeys. To promote satisfactory growth m tur- 
keys the rations must satisfy the nutritive requirements previously discussed. 
Fortunately these requirements can normally be satisfied with simple mixtures, 
if the turkeys have access to range where there is growing green feed. Some 
typical mash formulas are listed in Table 128. 

The Minnesota poult growing mash is intended for use after the birds are 
eight to rvi’clve weeks old. It b to be fed free choice with grain to growing 
turkeys on range. A linle dry form of vitamin D (0.5 lb. of a product contain- 
ing 2000 units of D pet gram) b added to each 1000 pounds of mash, o’cn 
though the birds are on range. Also, it b recommended that 025 pounds of 
APF supplement (12.5 mg. vitamin Bjj per lb. or equivalent) be added to 
each 1000 pounds of mash. 

The New York {Cornell) poult starting mash contains 0.5 per cent of * 
fish liver oil conaining 2000 units of vitamin A and 400 units of vitamin D 
per gram. It b fed without any grain addition during the first four weeks. 
The calculated analysb is* 29.5 per cent protein, 1.73 per cent calcium, 
1.06 per cent phosphorus, 3.14 milligrams of ribofiavin per pound, 7500 
units of vitamin A, and SKK) units of vitamin D per pound. 

The Southern States Co-operatne poult starting mash b to be fed as an all* 
mash feed for the first eight weeks. The amount of vitamin supplements to 
be added will vary with the products used. A sufficient quantity b used to 
meet the requirements recommended by the National Research Council 
(Table 51 ). It is recommended that most of the vitamins A and D used in the 
mash be derived from fish sources. Tlic calculated protein content of the mash 
b 24 pet cenL 

The tuikcy-brceding growing mash is to be fed free choice with grain after 
the birds arc ten to tweUc uccks old. 


•ae turkcy-brccding nush is to be kept before the birds at all times. A lim- 
itcd amoimt of gram, about equal to the mash consumption, b fed. 0 )ster 
shell should be a%-aibblc at all times. 

The Waibington turkey breeding mash b to be fed with a limited amount 
of ^am (60 p^ts mash to 40 parts v.hoIc grains) and free access to o)s:er 
shell Tlic nbodasin and sitamms A and D added will varv* with the potency 
of the used Sufficient quantities are added to meet the recommenda- 

tions of dw National Research Council (Table 51), 
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Table 128 


TURKEY ALL-AfASH FOR&IULAS (AMOUNTS PER TON) 


iNGKEDtENTS 

STAKTtl.C 

1 Gtouisc 

1 Bkcei)i>c 

land * 

j 

New 

Ea*. t 

Southern 
State* S 

Wa»h.|I 

Iowa / 

Yellow corn, lbs 

985 


950 

407 

1284 

■145 

Oats or barley, lbs 


1 350 


600 


200 

Wheat mids or bran, lbs. . . 



200 

100 

200 

400 

Milo 


1 500 





Fat, lbs 




40 



Methionine, lbs 


1 1 





Fish meal, lbs 

160 

70 

50 


SO 


Meat scrap, lbs 

100 



100 


200 

Soybean meal, lbs 

SSO 

760 

580 

525 

220 

300 

L). brewers yeast, lbs 

SO 






Alfalfa, dehyd, lbs 

■10 

100 

60 

100 

100 

200 

Dried disc, sol, lbs 

•10 






Butyl ferm. prod, lbs 



40 




Dried whey or milk, lbs. . . 

25 

60 


20 


100 

Fish solubles 


so 





Limestone, lbs 

' 25 

40 

40 

18 

70 


Bone meal or cquiv, lbs. . . 

‘3 

60 


70 

40 

100 

Sale, iodized, lbs 

' 8 

' iO 

' 10 

10 

6 

19 

Man. Sulfate, lbs 

0.4 

0.25 


1 

.25 

1 

Vitamin A, million i.U.. . 

1 7.2 

6.0 

4. 

+ 

1 

12.3 

Vitamin D|, million I.C.U. 

1.4 

2.0 

0.7 

+ 

1 

4.4 

Vitamin E, million I.U.. . . 

1 + 


+ 


+ 


Choline chloride, sms 

568 

: 800 

227 




KiboUavin, gms 

3 

4 


+ 

2 

3.6 

Ca pantothenate, gms.. . . 

5 

‘ 10 



10 


Niacin, grams 

25 

40 

45 




Bjj, mllligraniJ 

3 

6 





Antibiotic, grams 

4 to 10 

4 to 10 


+ 




• Uoiv. Md. Mim. Pub. Feb. 19SS. 28% protein. t Tew* A »nd M CoL Mim Pub. I 
tNew Enf. Collew Col. Conf. r»UOQ». IW. 21% protein I Soulhetn Suit* C» 

ration*. April 1955. 20*^ protein. J Wa»b. t«. .Miio. US*. Feb 19aS. 16% proton. 
CoL Mito. Pub. 1955. 20% protein. Feed mtb limiicd paio^ 


Marketing Turkeys 

Since turkey production is highly seasonal and the producing areas are 
located far from die largest cities, the marketing of turkeys constitutes a major 
problem and sometimes taxes the facilities of tlie existing marketing agencies. 

Seasonal production. The turkey remains primarily a holiday bird, and 
fortunately, conditions in the major producing areas are such that the bulk 
of the tiukcy aop can be matured and finished most economically for the 
Tlianksgiving and Qiristmos markets. While turkc)s can be grown for 
marketing during any month of the year, climatic conditions in the United 
States arc most fa\orablc for producing a turkey crop for marketing bie in 
the fall and during the winter. Most of the turkeys consumed out of tliis 
natural marketing season arc dressed birds which lu\c been held under 
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refrigeration. The quality of these birds is usnaUy superior to “y 

killed turkeys at that time. The proportion of the turkey crop ^ 

months varies somewhat from year to year. If turkey prices advance 
Thanksgiving to Christmas, the following fall there is a tendency 
producers to hold turkeys for the Christmas market. If warm 
vails during the fall months in the large producing areas, the birds wi 
slow in finishing, and therefore a larger proportion of the aop w 
marketed late. . 

Table 129 shows the proportion of turkeys marketed by months in y • 
There is a growing tendency to market turkeys throughout the yea^ but e 
bulk of the crop continues to be marketed in November and December. 


Table 129 

TURKEY marketings: PROPORTION OF CHOP (EXCLUSIVE OF BREEDERS) 
MARKETED IN SPECIFIED MONTHS, UNITED STATES, 1953 








o 

1 * 8 . or 
Uter 

North Atlantic | 

5.8 


5.6 

8.2 

38.0 

30.8 

8.1 

East North Central 

3.6 

4.8 

10.0 1 

16.1 

37.8 

23.1 

4.6 

West North Central ' 

10.3 1 

8.2 

13.1 

21.1 ' 

27.0 1 

17.1 


South Atlantic 

16.9 

10.4 

14.4 

12.5 

26.7 

16.7 


South Central 

3.2 

2.3 

24.4 

12.5 

28.4 

24.2 

S.0 

West 

8.0 

6.1 

13.5 

16.9 

29.9 

19.1 

6i5 


Turkey produalon and consumption in the United States. Table 130 
shows that from 1939 to 1954 the number of turkeys received was nearly 
doubled and that the consumption of turkey meat in 1954 was 210 per cent 
greater than in 1939. 

Turkey size increasing. The type and size of turkey raised and marketed 
has changed within a very few years. The introduction of the broad-breasted 
type turkey has within the past 10 years almost completely changed the lyp® 
of turkey marketed and has also increased the size (Table 131). 

Selecting birds for market. Many turkey growers sell their entire aop 
one time and sometimes before aU the birds ate ready for marketing. Birds 
kckiDg finish or havmg immature plumage should be held until they wiU 
dress into good market specimens. Only fat turkeys free from pinfeathers com- 
mand the best prices. Immature turkeys lacking finish are frequently sent 
to ^ket, where they sell for less than the cost of producing them. If these 
birds had been kept by the producer until they were mature and finished they 
wS? — ' prices and returned a profit to the grower- 

While It IS more difficult to grade Uve turkeys than the dressed birds, an cx- 
pericnced turkey raiser can sclea those birds which ate finished. The birds 
ibhich arc ready for market have mature plumage; they arc well-flcsbed, a* 
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Table 130 


TURKEY PRODUCTION AND CONSUMPTION IN THE UNITED STATES, 1939 TO 

1954 


Ve.r 

isn 

Avg. Waght 
Vet Bira 

Total 

R)Qn<ii 

Produced 

Consumption 
Lb«, Per Capita 
(dressed weight) 

1939 

33,201 

14.9 

494,019 

3.0 

1940 

33,316 

15.1 

501,916 

3.5 

1941 

32,204 

15.9 

512,074 

3.5 

1942 

32,064 

16.3 

521,534 

3.6 

1943 

31,360 

16.2 

509,215 

3.3 

1944 

34,700 

16.8 

584,010 

3.2 

1945 

42,470 

17.4 

740,462 

4.2 

1946 

39,746 

18.0 

714,450 

4.5 

1947 

33,693 

18.1 

610,737 

4.3 

1948 

31,346 

18.3 

573,918 

3.6 

1949 

41,019 

18.8 

769.351 

4.0 

1950 

43,533 

18.6 

807,110 

4.8 

1951 

52,228 

17.9 

935,412 

5.2 

1952 

60,228 

19.0 

1,008,358 

5.4 

1953 

56,936 

/19.4 

18.0 (Fry.) 


5.6 

1954 

63,435 

/l9.4 

18.2 (Fry.) 


6.3 


Table 131 


AVERAGE LIVE WEIGHT (pOUNDS) OF TURKEYS MARKETED IN THE UNITED 

STATES, 1942-54 


Year 

Hen* 

Tom* 

All Large 

Fn m 


Pounds 

Pounds 

Pounds 

Pounds 

1942 

12.9 

19.7 

16.3 


1943 

12.8 

19.6 

16.2 


1944 

13.0 

20.7 

16.8 


1945 

13.5 

21.4 

17.4 


1946 

13.9 

22.2 

18.0 


1947 

13.8 

22.5 

18.1 


1948 

14.0 

22.6 

18.3 


1949 

14.2 

23.3 

18.8 


1950 

14.1 

23.0 

18.6 


1951 

13.6 

22.2 

17.9 


1952 

14.3 

23.8 

19.0 


1953 

14.5 

24.3 

19.4 

8.0 

1954 

14J 

24.2 

19.4 

8.2 


shown by a weU<ovcred breast, pinbones, and back; and they are well 
co%cred with fat, as shown by a light cream-colored skin on the breast. Some 
turkeys, such as tliose with extremely crooked breastbones and deformed 


U. S. D. A. Bureau of Agricultural Ecooomio. 
U. S. D. A. Bureau of Agricultural Ecoaomio. 







Fig. 232. TufVty production it on Imporfont indutlry in mony itolct. Nino thou*®nd 
on tK« RoSnt Turkey Form, Mountain lake> Minneteto. 

backs, should be used at home lostead of being sent to maiken By 
for market only those birds which are finished, the grower can increase 
net returns from turkey raising. . 

Catching market turkeys. The producers of turkeys lose thousan 
dollars anntully because of bruised carcasses resulting from improper ^ 
dling while the birds are being caught and cooped. Much of this damage 
be avoided by the use of some simple equipment and by handling^ the 
carefully. For soull flocks the best procedure seems to be to drive a 
birds at a time into a small pen and pick the birds up by grasping them ; 
the wings near the body, instead of grabbing them by the legs and thro* 6 
the birds on the floor or ground and thereby bruising the breast. 

■Where large flocks are raised (Fig. 232), a catching chute is 
sable. Figure 233 shows a movable catching chute. The birds can be 
into such a chute and rapidly caught without bruising or otherwise damagmg 
the turkeys Producers who have changpd to the use of the catching 
from less efficient methods report a marked improvement in the quality 
the birds they market, because bruises have been practically eliminated. 


lS\ethois Used in Marketing Turkeys 

Turkeys are sold by producers direct to consumers, to local buyers, and to 
commission merchants, in co-operauve pools and through packers on a custom 
dressing basis- 

Direct marketing. Since most turkeys ate raised far from the large 
of population, only a very small percentage of the turkey crop is sold by 


coutTUT ckuroiaik A6iieukrui<>L tirciiicRT imtoa 

Fig. 233. Catching, groding, ond loading chute. 

producer to the consumer. However, tn some cases very proBtable outlets have 
been developed by producers who sell dressed turkeys direct to the consumers. 
Such direct sales necessitate the dressing of the birds by the producer or cus> 
tom dressing at a local killing plant. Some producers have developed a mail* 
order business and ship the dressed turkeys by parcel post or express. 

Local buyers. In the Middle West, most of the turkeys are sold alive to the 
local buyers, either private or co-operative, who represent the central packing 
plants. The birds arc trucked to these central plants where they are killed and 
otherwise prepared for market. Storekeepers who were once imf>ortant pur- 
cliasers of both dressed and live nuke)'$ arc no longer important marketing 
agencies. Local poultry buyers who purchase both poultry and eggs purchase 
turkeys from the nearby producers and send them to the concentration pack- 
ing plants. 

Commission merchants. Both live and dressed turkeys are consigned to 
commission men in the large city markets by small producers located where 
there are few or no local bu)’ers. With the dc\'clopmenc of better highwaj's 
which increase the scope of the local buyers’ activities, tliis method of selling 
turkeys continues to decrease. Commission men and wholesale recct% ers con- 
tinue to receive large quantities of turkeys both liie and dressed in car-lot 
shipments which come from large producers and country buyers. 

Co-operative pools. Co-operative marketing of lutkcys has developed most 
in the northwestern states of Colorado, Wyoming, Utah, Nevada, Afonrana, 
Idaho, Washington, and Oregon. Co-operaii\c efforts were first directed to 
local pools where the producers assembled their turkeys and sold to the high- 
est bidder. While these pools still exist, most of them m die Northwest have 
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been organized into a regional assodation, known as the Northwest Trrrkey 
Growers Association. This regional assodation serves as the co-operative » 
agency (ot the turkey growers of the Northwest who desite to “ 

turkeys co-operatively. The assodation sells annually mote than 10,0 , 
pounds of dressed tuikeys. Theit volume and territory served ate born in- 


Cusrom dressing by packers. In some areas, notably the No^west, t 
poultry packers in conjunction with the producers have developed a o 
marketing turkeys in which the packer acts as a selling agent for the p^ucer, 
rendering the necessary marketing services at a fixed service charge, 
ducer may be given part payment for the turkeys when they are delivered an 
the balance when final returns are received- Such a plan appears to give e 
producer some of the advantages of co-operative membership without his join 


ing a co-operative. 

Killing and dressing turkeys. Turkeys are killed by sticking and bleeding- 
Removal of the feathers may be accomplished by dry picking, semi-scaldmg, 
or hard scalding. Dry picking is the method most generally used by the pro* 
ducer. Wax picking, once quite generally used in commercial packing 
has been replaced largely by picking marines. A description of these dinereot 
methods is given in Giapter ThirteetL 
Home or packing plant dressing. Whether turkeys shall be dressed on 
the producer’s place or in the packing plant depends upon the seaion of the 
country where the turkeys are raised. If suitable packing plant facilities axe 
available, as in most sections of the Middle West, the most efficient procedure 
is to have the turkeys dressed in these plants, "rhey not only have adequate 
facilities and trained men for killing and dressing but they also have suitable 
refrigeration. Home dressing can be used where the weaffier is cool or mar- 
kets are nearby. It has the advanuge of teaching the producer the relationship 
between the condition of the live turkey and the dressed market bird. Unless 
he secs his low-pade birds after they are dressed it is difficult to show 
producer that his birds arc really inferior. This method of dressing is used 
quite generally in the Northwest. 

Loss in dressing. The loss in weight from (1) fasting, (2) slaughtering, 
dry picking, and overnight chilling, and (3) full drawing of Bronze turkeys 
was repotted by Marsdcn in 1937. A summary of these results is given ii* 
Table 132. Marsden’s results also showed that large turkeys lose slightly less 
(in percentage loss) than do small turkeys. 


Table 132 


PERCENTAGE LOSS IN WEIGHT OF YOUNG BRONZE TURKEYS AS REPORTED 
BY MARSDEN, U. S. D. A., 1937 
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Fig. 234. A dreued turkey ottractively ditployed. 

For estimating prices for blood* and feather-dressed txirkeys and for full* 
drawn birds, the producer may assume that for each 100 pounds of live turkey 
there would be 90 pounds after blood and feather dressing and only about 75 
pounds after the birds were full drawa This loss in weight plus the cost of 
dressing and drawing would have to be charged to the dressed and drawn 
birds. 

Cooling. Failure to properly cool dressed turkeys results in lower quality, 
and sometimes the birds become unfit for food. The internal body temperature 
of the birds should be lowered to at least 36° F. before they are packed m 
boxes. This will require from welve to twenty-four hours in the cooler after 
dressing. Turkeys killed for immediate consumption may be cooled in ice wa- 
ter, but birds prepared for distant markets must be air-chilied. Government 
graders are nor permitted to grade turkeys unless the birds have been pre- 
cooled to 36° F. or unless the grader supervises the cooling after grading. 

Grades and grading. The federal grades for both live and dressed turkeys 
arc desaibed in Chapter 13. Turkeys arc more generally graded and sold ac- 
cording to the federal grades than arc chickens. 

Packing. Until recently, barrels were used quite generally for packing tur- 
keys. but boxes arc now replacing barrels. The lightu eight, wire-bound veneer 
wood box, made to hold six to eight birds in a single lajcr packed breast up 
or side pack is a popular package. Boxes of suitable sizes are prepared by spe- 
cialized manufaaurers and should be purchased from them. Boxes should be 
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lined with parchment or waxed 
paper and the birds should 1^ ar- 
ranged and decorated to display 
them to best advantage. Special 
wrappers made out of parchmMt 
paper and cellophane are being 
used to wrap full-drawn birds 

(Fig. 234). 

Shipping turkeys. Both live 
and dressed turkeys are shipped to 
the central markets. Live turkeys, 
usually coming on the large east- 
ern markets, are from nearby pr^ 
ducing areas; but some live bir 
are shipped to New York City 
from the Middle West and South 
west. Most of the nearby turkeys 
are moved by truck, but those 
from more distant sections ar^ 
shipped in live-poultry cars. Dressed turkeys as packed in boxes or barrels 
ate shipped in refrigerated cars holding from 20,000 to 30,000 pounds. These 
cars should be iced with ice mixed with 10 or 15 per cent of salt so that ^ 
temperature of the car will be neat or below freezing. The car should be 
carefully braced to prevent shifcmg of boxes. 



Fig. 235. Percentage diitribulion of producing 
and morketlng turleyi. (Oregon Cire. 493, 1951.) 


Cost of Producing Turkeys 

The cost of producing turkeys influences greatly the profits from raising 
market turkeys The Oregon Scatioa m 1951 reported relative costs on 79 
flocks of market turkeys (Fig. 235) when the total costs were $7.01 per 
head. Greer reported on 64 Bronze flocks that the percentage of cash costs 
were distributed as follows; feed, 77.8 per cent; poults, l6.9 per cent; and 
other cash costs, 5.3 per cenn 


Diseases and Parasites 

The pret’ention and control of diseases and parasites is necessary if turkey 
raising is to be profitable. Major shifts of the industry have occurred because 
of the ravage of disease. Turkey raising, once an important industry in die 
East and Middle West, was almost completely abandoned in many areas be- 
cause of losses from blackhead. The industry shifted to the West and South- 
west where climatic conditions were more favorable for the control of black- 
head. New discoveries made in recent years on the prevention and control of 
^ckhead have i^de turkey raising again profitable in the East and Middle 
West, and the industry appears to be shifting to those areas which are nearer 
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The control of turkey diseases and parasites depends primarily on sanita* 
tion. The essentials of a sanitation program for raising turkeys may be briefly 
summarized as follows: Grow dean poults in dean houses with dean feed and 
water, and maintain dean range where the poults are raised. Such a program 
implies much but it will insure healthy turkeys. 

If an outbreak of disease occurs, someone properly trained and familiar 
w’ith the diseases of turkeys should be consulted at once. The veterinary de- 
partments of the state colleges of agriculture and state departments of agricul- 
ture are generally equipped to diagnose turkey diseases and advise as to the 
control measures which should be applied. 

Mortality in Young and Old Turkeys 

Though the death loss in both young turkeys and among breeding stock has 
been dedining in recent years losses are still too high, especially in young 
stock grown to market age. Those who can keep these losses below the average 
figures shown in Table 133 will find turkey raising more profitable than those 
who experience heavier losses. The control of losses from diseases and para- 
sites is essentia! to success in growing turkeys. 


Tabu 133 


MORTALITY IK TURKEYS 


Geographic Diriiioa 


Youag tucker* IcMt a* a 

per «<fit o( toul number* 
bought and (tome batched 


Breediog atnek loit a» 
a per cent of breeder* 
OB hand January I 



1943 

1949 

1950 

1951 

1952 

195) 

1948 

1949 

1950 

riiir 

B 

B 




Per 






Per 

2rnf 



Korlh Atlantic 

13 

13 

12 

11 

Cl 

9 

7 

7 

7 

7 

6 

8 

East North Central. . . . 

13 

16 

15 

14 

13 

n 

8 

8 

S 

8 

6 

6 

West North Central. . . . 

13 

15 

15 

13 

12 

ul 

8 

7 

7 

7 

7 

B 

South Atlantic 

IS 

19 

16 

14 

16 

il 

8 

8 

7 

8 

6 

B 

South Central 

19 

23 

24 


16 

ill 

11 

12 

11 

11 

6 

H 

Western 

12 

14 

14 

.0 

10 

o 

5 

6 

7 

6 

5 

a 

Umted Suttt 

13.5 

16.1 

IBB 


U.6 

9.4 

7.7 

7.S 

7.9 

7.5 

5.7 

6.1 


Sanitation and disease prevention. The prevention of disease in turkeys 
depends on the program of sanitation followed by the grower. The New 
Hampshire Agricultural Experiment Station has outlined the following pro- 
gram for the growing of healthy turkeys: 

NEW HA.MPSHIRE GROW JIEALTWY POULT PROGRAM 

To reduce the mortality in rearing poults, to grow mrkcj's that are healthy, 
thrift)* and free from disease, and that will make a good profit for the owner, the 
following practices are recommended. 


* U. S. D. A. Bureau of Agrtculcural Econooiics. 
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Cle-tn Poults 

1. Healthy, disease-free poults. vicor- 

2. From stock s^hich has demonstrated ability to produce thrifty, bcaiifay, S 
ous birds. 

3. Hatched from clean eggs and in clean incubators. 

4. Purchased from a reliable breedef- 

Clean BrooJcf Houses 

1. Qean, scrape and scrub. Clf desired, hot water and lye, one 13'OUDce can 
to 3 gallons of water, may be used.) 

2. Use reliable (hslnfectants. 

3. Qean thoroughly all equipment used for brooding- 

4. Do ail cleaning of brooder houses before moving to clean range. 

3. The use of wire sun porches is recommended. 

Clejn Ground 

1. Land not contaminated by drainage water or poultry manure. 

2. Land not used by poultry (or three years or mote. 

3. Land as far from previous range as possible. 

4. A sodded range is desirable. 

Clean Ltisef 

1. Qunge Utter at least once each week as long as poults are ^*^5^ ® 
brooder house. {£xcepuoa — highly absorbent commerdal Utters usually 
not changed during brooding peri<^) 

2. Keep Utter as dry and clean as possible at all times. 

3. Use a dry, dean, ioapensivc Utter. . 

4. If a wire platform is used inside or outside of bouse, it must be thoroughly 
cleaned as regularly as the btoodec house itself. 

Clean Feed and Water 

1. Use platform and keep area dry beneath water fountains. 

2. Place all feed and waiei dishes on wire platforms inside bouse. 

3. On range, move all hoppers to clean spot week. 

4. Use a good standard fe^ mixture. 

5. Start poults on mash at least by the time they are 48 hours old. 

6. Place feed on egg cup flat for first two days and feed often. 

7. Feed in hoppers from the third day on, having feed continuously before 
poults. 

8. Qean scratch feed in hoppers after 16 weeks. 

9. Hard grain should be hopper-fed. 

Clean Management 

1. Maintain a quarantine benveen old and young stock, from other pouloy- 

2. Avoid crowding chlUing and overbearing. 

3. Teach poults to range by moving feed containers regularly. 

4. Encourage early loostmg. 

3. Move to clean range when ^sease 

6. Allow one square foot of floor spare pet pouln Not over 150 to be started 
under one hover. 



Turkey Production and Manageynent 563 

7. Number of poults should be reduced when their growth or limited door 
space causes crowding and dirty house. 

8. Confine poults to house for four weeks. Allow range on wire platforms in 
front of the brooder house after this time. 

9. Avoid wet area around the water fountains. 

10. Provide sufficient shade on range. A corn or sunflower field is ideal if natural 
shade is not available. Avoid a dense shade. If no other shade is available, 
construct a frame and place some boards or burlap sacks on it. This frame 
should be moved at regular intervals. 

Blackhead. This disease probably causes greater losses in turkeys than all 
other diseases (Fig. 236) , It is caus^ by a protozoan organism which may be 
carried by either chickens or turkeys. The blackhead organism will live only a 
few hours outside the fowl’s body unless contained within cecal worm eggs, 
in which case it may survive and remain infeaious for turkeys for several 
months. Young turkeys less than three months old are most susceptible to at- 
tacks of this disease. The disease affects the liver and the most noticeable 
symptom, found when turkeys having blackhead are killed and examined, is 
an enlarged liver covered with sunken ulcerlike areas, as shown in Figure 237. 
No satisfactory medical treatment has as yet been found for this disease. Poults 
raised by artificial methods, away from chickens and old turkeys on ground 
where neither turkeys nor chickens have ranged or their droppings have been 
spread during the past two years, seldom suffier from blackhead. If an outbreak 
of blackhead occurs, the best program to follow appears to be as follows: 
(1) Remove all sick birds from the flock, and either kill or confine these birds 
away from the healthy birds; (2) Clean the houses, thoroughly scrubbing 
them with hot lye water; (3) If convenient, confine the flocks to houses and 
wire-floored sun porches for several days, cleaning the house daily; and (4) 
Move the healthy birds to clean range. If the birds are too large to be confined 
in brooder houses, they may be moved directly to dean range. 

Pul/orum disease, Tiick€)s have pcohably been fn/ecced with paWorum 
disease by their association with chickens. Many flocks of turkeys arc, as yet, 
free of the disease and until recent years very few reactors were found in tur- 
keys. It has been shown that poults hatched in incubators with chickens which 
have pullorum disease also suffer outbreaks of this disease. 

Turkeys which have pullorum disease may be detected by the tube aggluti- 
nation test. A rapid antigen test has also been developed for satisfaaorily de- 
termining turkey rcaaors having pullorum disease. 

Ibis disease in turkeys can be controlled by testing the breeding stock and 
removing all reactors to tlic disease, then incubating the eggs either away from 
chicken eggs or only In incubators where chicken eggs from flocks tested for 
pullorum disease arc hatclicd. 

Lice. Lice seldom cause trouble when turkeys arc hatched and brooded arti- 
ficially, but when hens are used severe losses may occur. Hens used for hatch- 
ing or brooding turkeys should be carefully delouscd so that when they come 
in contact with the poults they will be free of all lice. The control of lice re- 
quires only a small amount of effort on the part of the caretaker and losses 
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Fig. 236. life cycle of Histomonat ineleagricli$, ihe parasite causing blackhead in tufk®/** 


from lice are a reflection on the care the turkeys have received. By dusting 
hens twice at ten-day intervals with sodium fluoride, all lice can be destroyed- 
Coccidiosis. Though turkeys do develop coccidiosis, they are not so suscep' 
tible to this disease as ate diickens. Methods of control and the symptoms of 
the disease are quite similar to those described for chickens. (See Chapter 
Eleven.) The organism causing coccidiosis in chickens does not cause coccidi- 
osis in turkeys, and vice versa. The most effective method of control appears 
to be daily cleaning for several days after an outbreak of coccidiosis so that 
the organisms cannot undergo the twenty-four-hour incubation period outside 
of Ae b^y of the^ turkey which is necessary for them to become infectious. 

Trichomoniasis. This disease, because the symptoms are somewhat similar, 
may be confused with coccidiosis. It is only within recent years that tricho- 
moniasis has been recognized as a disunct disease of turkeys and the causative 
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Fig. 237. The liver of o lurVey which died of blockhead. 


Organism identified. This disease usually affects poults from six to ten weeks 
of age. The most common symptoms are listJessness and yellow, foamy, and 
semi-liquid droppings. The California Agriculniral Experiment Station in 
1937 made the following recommendations for the prevention and control of 
this disease. 


1. Avoid all concaa of poults with chickens and adult nirke)'S. 

2. 13rood by anihual means on new ground or with brooder equipment having 
cement door or wire platforms in both the houses and yards. Purchase, if 
possible, the entire brt^ ai one time and early m ihe season. 

3. Use a sane, sound management program. The brand of feed is of little im- 
portance. If the feeding method us^ in previous )cars was successful, stick 
to tc 

•1. Keep visitors out of the brooding pens. 

5. Do not visit the turkc)* yards of any other grower. Discuss >our problems with 
him on the succt corner or at his home, not in his turkc)' yard. 
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6. If disease breaks out, get an accurate diagnosis. Send or take some of sick 

specimens to a diagnostic laboratory, and do not accept a field diagnosis unn 
it has been confirmed by the laboratory. _ . , 

7. Avoid all drastic treatment until the laboratory diagnostic report is receiv 
The treatment should then be based on the laboratory findings. 

Other diseases and parasites. Turkeys are afflicted with many of the 
other diseases and parasites of chickens, which are described in Chapter 
Eleven. Some of the more common of the other diseases which affect turke)S 
are botulism, fowl cholera, fowl pox, colds, roup, fowl typhoid, and tuber- 
culosis. Turkeys are infested by cecum worms, gapeworms, roimdworms, ana 
tapeworms. They are attacked not only by lice but also by mites and ticks. 
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Ducks, Geese, and Miscellaneous 


Poultry 


When speaking of the poultry industry, one generally has chickens in mind. 
In the preceding two chapters, the increasing importance of the turkey indus- 
try was pointed out. There are other species of birds classed as poultry that 
are of considerable economic impottance. The chief ones among them are 
ducks and geese. Pigeons and guineas arc also of some importance. 

Ducks 

The duck industry. According to the 1950 census, there were 10,342,- 
000 ducks raised in the United States in 1949. The industry has just about 
held its own during the last thirty years. 

The greatest numbers of ducks are raised in the following states, listed in 
order of production; New York, Illinois, Michigan, Massachusetts, Penn- 
sylvania, California, Wisconsin, Ohio, New Jersey, Minnesota, Iowa, and 
Indianx Commercial duck raising has been developed most extensively in 
New York. The number of ducks kept, in proportion to the total population, 
is much lower in the United States than in most other countries. The relative 
number in Great Britain, Iteland, and New Zealand is sevecal times larger 
than in this country. 

Intensive duck farming on a large scale has been more successful than in. 
tensive cljicken raising (Fig. 238). Ducks stand confinement well, are more 
easily brooded, and are less subject to disease than are chickens. 

Ducks are raised primarily for meat purposes. They are especially adapted 
for this On account of the rapidity of growth, hardiness, and ease of handling. 
Duck raising, as a business, is limited, for the demand for duck meat is not so 
steady nor its popularity so great as for chicken. Summer resorts and large 
cities with a foreign population make the best markets. 

The demand for du^ eggs is very limited. They axe larger than chicken 
eggs, but bring about the same price or less. They find some use in the baking 
industry. 

Brcttls of ducks. There arc eleven standard breeds of ducks which have 
been admitted to the American Standard of Perfection. Most of them have 
descended from the mallard, or wild duck, which is widely distributed, rang, 
ing from eastern Asia to North Amcricx The duck was first domesticated in 
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Fig. 233. Large deck farm on Long Irlend. 


Asia. The ancestots oJ most of our preseot breeds were imported from theft 
The breeds of ducks may be divid^ into meat, egg, and ornamental classes. 

The meat class includes the Pekin, Aylesbury, Muscovy, Rouen, Ca)’nss» 
Buff, and Swedish breeds. 

The Pekin is by far the most popular. It was introduced from China about 
1873. This breed is kept almost exclusively by commercial duck farmers 
throughout the United States. 

Other meat breeds are not so well adapted to commercial or general farm* 
ing. The Aylesbury is not so hardy as the Pekin. The Muscovy ducks vary io 
sire. They are not easily confined by ordinary fences. The Rouen matures 
slowly and has dark piiifeaihers. 

The Khaii'Campbell, developed in En^and, is a aoss between the large 
meat breed Rouen and the egg breed. White Indian Runner. As its name 
indicates it has a khaki color. Egg production resembles that of the Runner, 
but the size is somewhat greater. The males may be marketed at 12 to 13 
weeks at five pounds average weigfic It has not yet been recogoiz^ as a 
standard breed by the American Standard of Perfeaion. However, recogni- 
tion may be expected in the near future. 

The egg class includes only one breed, the Runner, commonly called the 
Indian Runner. It was probably dc%elopk in Belgium and Holland. There 
are three standard varieties of Runner ducks: the Fawn and White, the White, 
and the Penciled. 

All the yarietiM have the same shape, but differ in plumage color. "Th^ 
breast 1 $ full, the body is long ar»d narrow, sloping gradually into the neck and 
carried erect, with no indication of a keel, the body resembUng somewhat that 


csairttr *'r«titTtT tirigtc** 

Fig. 23?. Som* br«ed» of ducki. Uppor Uft, PoUii. Uppor right, Rouon. low«r (•ft, Runntr. 
low«r right, MuKOvy. 

of a penguin in shape. Tlic Runner duck is much smaller than breeds of the 
meat type, the adult drake having a standard weight of four and one-half 
pounds and iltc duck four pounds. They arc among the best la)crs of all the 
Ajncrlaa jrandard breeds of ducks and hoJd the same rehtiic position in the 
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duck tumily that the leghorn does among die breeds of 
lays a good-sized uhite egg, considerably larger than a chjien '88- „ 

dSks are acdee, are good foragers, nonsitters, and hardy. Their im y ^ 
and they make fair broilers, weighing from two and one-half to 
at about six weeks of age. They are not adapted for the produraon of mge 
green ducks, but may be kept to produce ducklings of broiler si 2 ^ 
rbe ortutmentd cUsi includes the Call, Oested White, and Black East 

breeds of ducks. t . j f*nilr. 

The Call is ^mall and may be considered the bantam of the duac ^ 

The ornamental breeds are kept for exhibition and are used as decoys m 
duck shooting. The odier ornamental breeds are also smalL _ 

Characteristics of ducks. Ducks haxe certain characteristics 
them as waterfowls and differentiate them from land fowls, such as the 


and turkey. 

The duck is provided with short legs and webbed feet. These ate 
swimming. The bill is covered by a soft, sensitive membrane and edged 
horny plates. Solid food material obtain^ from the water may be held 
water forced out through the plates. The feathers are concave toward th e 
and have a thick, soft co\'ering on the under surface. They are weli 
and this helps to keep water from reaching the skin. The duck is furtbcf p 
tected from the cold by having a thick layer of fat beneath the skin. ’Ibis a 
as a body insulator. ^ 

The duck does not have so large a perantage of edible muscle meat as 
chicken. The meat is dark. The keel is flat and boatUke. 

Duck breeding. Duck breeding for useful purposes in this country 
been confined largely to breeding Pekin ducks for meat productioQ. 

Selection of breeders is usually made year from the young ducks bei 
the flock is marketed. The males can be identified by the middle uU feathery 
which are curled up. Breeding ducks arc for good length, width ^ 

depth of body, and for early maturity. Stock showing signs of coarseness is d^ 
carded. Heasy birds with very deep keels have a tendency to take on too matb 
fax and are likely to show low egg production, poor fertility, and lack of vigof- 
Most ducks arc kept only throu^ their first laying season, as young ducks 
better producers and lay earlier than older ones. i 

Mjitinz of breeders is usually done in flocks (Fig. 240). One male is 
for csery six or seven females. Inbiecdiog is generally practiced. This may 
count for the poor hatchability that is often encountered. 

Before much progress can be made in duck breeding, it will be necessary to 
trap-nest ducks; make pen matings; keep the breeders more than one 
and use the families of birds that have the best production, hatchability, and 
livability records. 

Incubatioa of dudt eggi The iooibuion period for duck eggs from “““ 
of die breeds is r»eotj-eigbt drji Musoovy dude eggs require a thin)-di--«' 
to thirrj-fise-day incubation period. 

Duck eggs are generally hatched in incubaiots and under the same cook: 
lions used for hatching chicken eggs (Fig. 241). More moUnire is requite 
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Fig. 240. Fiock oF breeding dvckt end breeding heute. 

at hatching time than is generally used for chicken eggs. Directions of the 
incubator manufacnirer should be followed until experience has shown that 
improvements can be made. 

Brooding ducks. Ducks are easier to brood than chicks or turkeys. They 
do not require so much heat or heat for so long a time. The ducks are removed 
from the incubator as soon as the hatch is completed. They are taken to the 
brooder house as soon as possible, placed under the brooder, and given feed 
and water. 

About 100 to 150 ducks are placed in each pen and under each brooder. The 
temperature under the hover should be about 90** F. the first week, 85* F. the 
second week, 75® F. the third week, and about 65° F. the fourth and fifth 
weeks. When the birds are about six weeks old, they are transferred to the 
fattening shed where no artificial heat is used. 

Straw or shavings make a very good litter for the brooder house. A guard 
should be placed around the brooder, one or two feet away from it, to keep 
the ducks from wandering away from the heat until they become accustomed 
to the brooder. 

The pen should be cleaned every week or ten days. 

Housing ducks. Tlie house should be located on well-drained soil A 
chicken house is satisfaaory for ducks. Shed-iypc houses are often used (Fig. 
240). It is desirable to allow from four to six square feet of floor space for 
each breeding duck. Breeders are kept in flocks of from about 75 to 250. 

Straw or shavings make satisfactory litter. The house should be cleaned as 
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Fig. 241. Hatching duck.. Top. a duck hctdierY. {Courte.y Ridgeway Duck Form.) Center, 
troy.ng duck egg.. (U. S. O. A.) Bottom, a good hatch. (Courte.y Myer. Poultry Form.) 
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often as necessary to keep it clean and dry. Proper ventilation in the duck 
house, as In the chicken house, will help keep the place comfortable. 

No perches are provided for ducks or other waterfowl because it is not their 
nature to roost. They rest on the door. 

Nests are generally provided which are made like stalls. They are about 12 
inches wide, and 18 inches deep, and separated by boards about 12 inches 
high. Tlie parrition boards are nailed to a strip about 5 inches high, which 
forms the front of a row of nests placed against the back or side of the build- 
ing. Some breeders provide no nests, but allow the birds to lay on die floor. 

Troughs are generally used for water and mash boxes for feed. 

Breeding ducks are generally provided with outside range (Fig. 242), 
When the range is limited or the farm large, the yards are limited to about 
one hundred feet in length and the width of the pen. If they extend into a 
stream, it will aid in keeping the place more sanitary. Fences about two feet 
high will hold ducks in their respective yards. 

Feeding ducks. The quantitative nutritive requirements of ducks have not 
been carefully srudied. Rations suitable for chickens (Chapter 10) appear 
to give satisfactory results when fed to ducks. The mash may be fed in the 
form of pellets, in dry ground form, or as a wet mash. 

Starting rations generally contain 20 (Table 6A) or 22 (Table 67) per 
cent protein. They are generally fed the first two or three weeks. 

Growing rations generally contain 18 (Table 68) to 20 (Table 64) per 
cent protein. Tliey are generally fed from three to six weeks. 

Finishing rations generally contain about 18 per cent protein (Table 68). 
They arc generally fed from about the sixth week until the ducks are mar- 
keted, which is around the tenth to twelfth w'eek. 

Growth rate and feed consumption ace about as follows for the Pekin duck; 


Cumulative — 


Age 

Averase %vcij:ht 

feed contumotion 

Ouks. 

0.1 lb. 

0.0 Jb. 

2 " 

0.6 ” 

1.2 " 

4 “ 

2.3 •• 

3.1 *• 

6 “ 

4.1 

12.6 •• 

a •• 

5.2 “ 

22.S •• 

10 “ 

6.0 “ 

54.6 “ 


BrecJing duck rafioni arc also beliexed to be about the same as those 
required for chickens (Tables 57 and 70). 

When the )oung ducks arc scicacd for the breeding flock they are gen* 



Hg. 242. Cfowmg duck*. Top. broodrng in a mulfTpte-unit house. The brooder hover* ere 
under the fr«k ond wolk. Note the low peo partition,. (U. S. D. A.) Cer.ter. feeding 
on ronge. Note the trock ond cor for houling feed. BoHom. outside run* in connectie" v'"'’ 
o mult.ple-onit brooder houie. (Courle*/ C. M. Ferguion.) 
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exaJly J<epr on a low protein bulky radon until about three or four weeks be- 
fore hatching eggs are wanted. Free access to a growing mash (Table 68) 
and grains will suffice for this purpose. The mash may be limited to hold 
back egg production. The birds should be fed a breeding mash (Tables 70 
and 71) and grain, if the mash and system of feeding calls for it, about three 
or four weeks before hatching eggs are wanted and during the hatching sea- 
son. 

Breeding mashes may be fed in the form of pellets or as dry mash. Feed- 
ing all or a part of the mash in the form of pellets is preferred to feeding it 
as wet mash. In grain and mash feeding, it is often necessary to limit the 
grain in order to obtain adequate mash intake. 

U. S. Grades for Dressed Poultry and Ready-To-Cook Poultry. The fol- 
lowing U. S. D. A. grades became effeaive March 1, 1955: 

Oyster shells or limestone grit are kept before the layers at all times. 

Lights may be used to stimulate egg production, as In the case of chickens. 

Duck diseases. Ducks are not so susceptible to diseases as axe chickens. 
Possibly this may be accounted for on the basis of selenion. The breeders are 
picked out on the basis of vigor during the growing period. Another possible 
explanation is the fact that ducks have been accustomed to living in large 
numbers under rather unsanitary conditions. This unfavorable environment 
through the years may have resulted in the establishment of a natural immu- 
nity against disease. 

Some farmers who have been unable to produce chickens and chicken eggs 
profitably, because of disease, have chaog^ to the production of ducks and 
duck eggs. They ate usually successful In raising the ducks, but often find 
themselves handicapped because of a lack of a go^ marker. 

One should not get the impression that ducks are entirely immune from dis- 
ease. They are uoubled by keel disease, pneumonia, and some other troubles. 

Keel disease is indicated by lack of activity, loss of appetite, diarrhea, and 
heavy losses within a few hours. The trouble generally occurs in hoc weather. 
It results from eating moldy or decayed feed or litter. To eliminate the trouble, 
renew the Utter In die house, fill up the filthy puddles in the yards with sand, 
and feed fresh mash that is free from mold. 

Pneumonia, colds, or bronchitis may be indicated by a sticky coat, watery 
oyes, wheezing, and sniffling sounds when breathing. This respiratory trouble 
results from overaowding, poor ventilation, exposure, and overheating. 

Marketing ducks. Since ducks are raised primarily for mear produaion, 
duck meat is the chief duck produa marketed. 

Ducks arc generally marketed when about eleven weeks old, but the age 
may vary from nine to thirteen weeks, according to the condition of the bir^ 
theif Weight, and die season of the year. The New York market prefers a duck 
that weighs about five and one-half pounds (Fig. 2*15 ) . 

"nie ducks should not be held after the long ail feathers have reached their 
full length. If held longer, the birds go throu^ a kind of mole, the gains ate 
poor, and the quality of the meat is of lower value. 

A V-shaped trap made of panels of fence, into vvhich the ducks are driven. 




Rg. 243. Gfowth and marketing of duclu. Upper left, a 24-day-old duckling. Upper r'9***' 
eoreou of a 5%-pound duck produced in 9W week*. Uwer leh, digSlIy more than holf 
lower right, at 9Vk week*. Ready for market. 


saves much handling of the docks. The birds are handled by the neck- Ttere 
is considerable loss in weight when ducks are marketed alive. Most of tbcm 
are sent to market dressed. 

Ducks being dressed are hung up bjr the feet, the jugular vein severed in 
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the throat below the base of the slcuJI, the bird scalded or steamed, aod the 
feathers plucked. Long pinfeathers are usually removed with a dull knife, and 
the down is rubbed off with the moistened hand or shaved off with a ver)* 
sharp knife. Each duck yields about two and one-half ounces of marketable 
feathers which help pay for the picking. 

After the ducks are picked, they are usually washed and put in ice-cold 
water to cool and plump. They are then graded and packed for shipment. 
Prices are highest from December to April. Large cities provide the best 
markets. Duck raisers count on marketing fifty to sixty-five green ducks for 
each breeder kept on the farm. 

puck eggs are not in much demand. It is claimed that they have a strong 
taste. They are used in bakeries and are popular around Easter. Pure w'hite 
duck eggs are more popular than the colored ones. They should be marketed 
more fretjuently than Sicken eggs because they deteriorate in quality more 
rapidly in hot weather. 


Geese 

Geese, like ducks, are raised primarily for meat production. They are hardy 
and easily and cheaply raised on general farms, since they will get almost all 
the feed they need from a good pasture. Geese are raised in all sections of the 
United States, but most of them are produced in the North Central states. 
Geese make up only about .5 per cent of the poultry raised in the United 
States. 

Breeds of geese. Breeds of geese in the United States are descended 
from the wild gray goose and have been domesticated for many centuries. Six 
breeds are recognized as standard in this country, namely, Toulouse. Emden, 
African, Chinese, Canada, and Egyptian. The breeds found on most farms are 
crossed or mixed breeds and several pounds lighter than the standard breeds. 

The Toulouse (Pig. 244) is the largest and most popular breed of geese 
The adult gander weighs rwcnty-six pounds and the adult goose twent)’ 
pounds. This breed has a broad, deep body, and is loose feathered. The color 
of the plumage is dark gray on the back, gradually shading to light gray edged 
with white on the breast, and to white on the abdomen. The Toulouse will lay 
from fifteen to thirty-five eggs a year 

The Emden is a pure white, closely feathered breed of geese (Fig. 244). 
Tlic adult gander sveiglis t^'cnty pounds and the goose eighteen pounds. The 
Emden does not lay quite so many eggs as the Toulouse, but is a better sitter. 

Tlie oUter breeds of geese arc of much less economic importance. 

Breeding and managemenr of geese. Geese are generally raised in small 
numbers on general farms. They arc very hardy and not subjea to many dis- 
eases. They thrive v.ell on pasture. Geese need a shed or some other means of 
protection from the snow and cold, and shade for proteaion from the hot sun. 

Geese, like other kinds of poultry, should be selected for size, production, 
and vigor, ^^cdiura•sired bircis are the most desirable. They should be mated 
several months before the breeding season. Birds should be mated m the fall 
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when hatching eggs ate wanted in the spring. Geese matings are not chang 
from year to year unless the birds will not mate. _ 

It is difficult to determine sex in geese, especially the young 
gander is tisually somewhat larger and coarser than the goose and has a shrtu* 
high voice, while the female has a harsh, coarse cry. The gander has a longer 
neck and a larger head. 

A gander may be mated with from one to four geese, but pair or trio 
ings tisually give the best results. A young gander is usually mated with omy 
one or two geese. Flock or pen matings may be used. Four to twenty-five geese 
may be ranged on an acre of ground. Fences two or three feet high will keep 
geese confined to a given range. 

Toulouse and Emden geese breed and produce some stock in the second 
year, but do not mature or give best results before the third year. Females may 
be kept until eight to ten years old and ganders until six or seven years oli 
Geese ate allowed to make nests on the floor of the house or in large boxes 
or barrels, or shelters scattered on the range for that purpose. Goose egS^ 
should be gathered daily, kept in a cool place, and hatched under a hen, gooiS, 
or in an incubator. From three to seven eggs may be set under a hen, or ten to 
fifteen under a goose. Eggs set under a hen should be turned by hand as they 
are too large for the hen to turn. The period of incubation of goose eggs vari« 
from twenty-eight days in the small breeds to thirty-four or thirty-five days lO 
the large breeds. 

Goslings may be brooded with a hen, a goose, or with an artificial brooder. 
If brooded in the spring, when pasture is good, they will need only heat for a 
I ’ week or so. Goslings should be kept dry and out of water until they are two 
to four weeks old. 
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Artificial incubation. Studies made at Ohio State University indicate that 
the following practices will result in good harchability. 

1. Turn eggs completely over at least once daily and preferably four times. 

2. Incubate the eggs at 99 to 99.5® R in a forced-draft incubator. 

3. Maintain a high humidity, especially during the hatch. A wet bulb read- 
ing of 94° F. should be maintained during the hatch. 

4- Dip the eggs in lukewarm water for about a minute twice weekly. 
Feeding geese. Geese are generally raised where they have a good grass 
range or pasture, and, except during the winter months, usually pick up most 
of their living. The pasture may be supplemented with light feeds of home- 
grown grains or wet mash daily, depending upon the condition of the pas- 
ture. Geese may be fed chicken rations (Chapter 10). 

Breeding stock should be fed grain and roughage during the winter, when 
pasture is not available. Oats make a desirable grain feed. A limited amount of 
corn, wheat, or barley may be used. Silage may also be used. In the early 
spring, the geese should be fed a mash feed in addition to the roughage and 
grains, in order to stimulate egg production. Any satisfactory chicken laying 
mash may be fed as a wet mash two or three rimes daily. Oyster shells or lime- 
stone grit should be kept available for eggshell formation. 

Goslings may be fed a chick mash when raised in confinement. When raised 
on green grass range, they may be fed a mixture of grains mixed with liquid 
skim milk or buttermilk to make a crumbly mash. When goslings are raised 
in small numbers on good pasture, they will need little or no grain or mash 
feed after they axe about three or four weeks old. Whole grains should not be 
fed until the goslings ore well-feathered. 

Pinishing geese for market involves fattening them. They may be range or 
pen fattened for about a month before going to marker. The birds are given 
all the corn they will clean up and ate fed a wet mash three times daily. The 
wet mash consists of two pates corn meal and one part middlings mixed with 
liquid milk to make a batter. The pens should be kept partly darkened and the 
birds disturbed as little as possible. An increase in weight of from four to six 
pounds can be obtained by this method of feeding. 

Noodling geese is a better means of fattening but involves more labor. The 
birds are f^ she to seven noodles five times daily at four-hour inter\'als. 

Marketing geese. There is some demand for young geese from June to 
January, but most of them are sold at Thanksgiving and Christmas. Ten* 
weeks-old goslings may weigh as much as ten to twelve pounds and are mar- 
keted as green geese. If not sold at this age, they should not be sold until about 
five months old. Large cities containing a considerable foreign population are 
usually the best markets for gccsc. 

Geese are usually killed and picked in the same manner as other kinds of 
poulti)', but are much more difficult to pick than chickens. Care should be 
taken In handling geese at market time as the flesh bruises easily. After killing 
and bleeding, the feathers arc generally removed following scalding or steam- 
ing. After gccsc have been picked, they arc generally washed and put in ice 
water to cooL 

Feashers have been plucked from live geese for centuries. They are usually 
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Fig. 245. A poir oF While King breeders entered In the New Jersey pigeon-breeding coM* ^ 
with a pair oF squabs. The record of this pair was 19 squobs in a year, weighing 383 oun 

picked in the spring or fall, or both times. The feathers are removed OjJy 
when the quilk ate dry and do not conum blood. Just before the molt JS * 
good time to pluck the feathers. About a pound of feathers may be obtaioe^^ 
from a goose during a year. The demand for goose feathers has been decliniDg 
in recent years. 

Goose Itvers are mixed with pork, flour, butter, and spices and sold 
the name of "Patty” and other trade names. Austria exported about 700,000 
pounds at $1 25 per pound during 1937 and 1938. Ocher European countries^ 
ako export goose-liver matertak 


Pigeons 

Pigeons are kept in all parts of the United States for squab production, mes 
sengers, and exhibition (Fip. 245 and 246). 

There is a demand for squabs, especially in large cities, to uke the place of 
game. The chief difficulties in squab production are in finding suitable marked® 
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Ftg. 24i. A <«<ti‘on of (h« lignal eorpt (U. S. Army) coriltr p'igton vxKIbi} or )h* Sovonth 
World'* Poultry Congrau. 

for the scull amount of s^uab meat produced by individuals and in finding 
suitable stock for producing big squabs. 

Breeding pigeons. There are many breeds of pigeons, but only a few of 
economic value for squab production. Tbe Homer is probably the most popu- 
lar breed of pigeons. It is prolific, hardy, aaive, and quiet in temperament. 

It is difiicult to dececmine by casual observation the age and sex of pigeons, 
and this makes it difficult for the buyer to determine the value of the stock. 
The medium-sized breeds of pigeons which do not raise at least six pairs of 
squabs annually to market age should be cither culled or remated. Good pi- 
geons for breeders have a white or pinkbh-white skin and light-colored legs. 
Pigeons are most valuable as squab producers when two to five years old. 

Pigeons mate in pairs and usually remain wdth their mares throughout life, 
although the mating may be changed if desired. To bring about the mating 
desired, place the male and female in a coop and leave them there for six to 
fourteen days, or until they become settled. 

The pigeon hen lays an egg, generally skips a day, and then lays again. The 
male generally sits on the eggs during the middle of the day, and the female 
the remainder of the time. The incubation period for pigeon eggs is about 
seventeen days. 

Feeding and management of pigeons. Squabs are reared and fed by both 
of the parent birds on a thick, creamy mixture called pigeon milk, produced in 
the crops of the pigeons. Pigeons usually feed their squabs shortly after they 
themselves are fevL 

Pigeons arc not fed any mash or green feed. They are fed a ration of » hole 
grains and supplied with water and grit. A grain mixture advocated by the 






Fig. 247. A pigeon hou»e. 

New Jersey Agricultural Experiment Station (New Jersey Station Bulletin 
634, 1937) is as follows: 


Whole yellow corn - 40 lbs. 

Kaffir corn * 20 

Durham wheat. 15 

Canada peas ^5 

Hemp seed 2.5 

Millet 2.5 

Hulled oats 2.5 

Buckwheat 2.5 

Toul 100.0 lbs. 


The grain should be fed twice daily, the birds being given all they 'WiU ca 
Pigeons should not be disturbed more than is absolutely necessary. _ 
Pigeons may be kept in most any available building when kept in sm^ 
groups. The quarters should be dry, well ventilated, and provided with p eoty 
of daylight. Pigeons are allowed two and one-half to three and one-half square 
feet of floor space pet bird. Not more than forty pairs should be kept m 


single pen. 

Nearly all pigeons kept for squab production are confined by the use oi ^ 
outside fly ot yard coveted with wire which is built on the south side or lu 


house ( Fig. 247 ) . . 

The interior fittings should consm of a double nest for each pair of breen- 
ers, nest, bowls, and feed hoppers. Nest compartments should be 12 inches 
high, 16 inches deep, and 24 inches wide, divided into two parts- A box o 
straw may be kept in the pen so that the pigeons may build their own nests. 
The feed hoppers and drinking vessels should be covered with wire in such a 
way that the birds cannot get in them. Shaltow bath pans should be kept in the 
yards and the birds allowed to use them, except in cold weather. 

blarketiog squabs. The production of squabs from each pair of breeders 
varies from one or two to as higb as tea or eleven pairs a year. Homer squabs 
generally weigh eight to eleven pounds per dozen. They gain two-thirds o 
their mature weight in four wceli Squabs are .ed by their parents until mar- 
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keted. They are sold when three or 
four weeks old, before they can 
leave their nests. Squabs are in 
good condition when fully feath- 
ered under the wings. 

Squabs are killed and dressed 
much like other poultry. 

Glihteas 

The guinea fowl is often used 
as a substitute for game birds, 
such as grouse, partridge, quail, 
and pheasant. 

Most of the guineas are raised 
in snull numbers on general farms of the Middle West and southern states. 

Guineas might be more popular were it not for their harsh and seemingly 
never-ending cry, and their bad disposition. There were 948,755 guineas 
raised in the United States in 1959- 

Guineas are found in the wild state in Africa. They have been domesticated 
and scattered throughout the world. Of the three domesticated varieties, the 
Pearl is by far the mosr popular. If has a purpJJsh-gray plumage, dotted ox 
"pearled” with white (Fig. 248). 

Like quail and most other wild birds, guinea fowls have a tendency to mate 
in pairs. However, one male may be mated with three or four hens. If given 
the freedom of the farm, the birds generally hide their nests. They may lay 
twenty or thirty eggs in the spring of the year before going broody. The in- 
cubation period for guinea eggs is twenty-eight days. They may be hatched 
in incubators and brooded under brooders, using the some procedures as used 
for chickens. 

Guineas are fed in much the same manner as chickens. If given a chance, 
they forage well and can be depended upon to secure much of their food from 
we^ seeds, grass, insects, and worms, when kept in small numbers. 

The marketing season for guinea fowl is during the late summer and fall- 
The demand is for young birds weighing from one and one-half to wo 
pounds each. They arc killed and dressed in much the same manner as 
chickens. 



Fig. 246. A Peotl guinea fowl. 


Peafowls 

Peafowls once had some importance as food for nun, but now they are 
kept almost entirely for ornament (Fig. 249). 

Tljc native home of the peafowl is in India. The birds like range and 
shrubbery or trees for a home. When confined to yards with sheds for shelters, 
tltcy should be some distance from the house because the birds arc noisy, 
especially at night. 
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Fig. 249. Th« peafowl. 

Four Of five hens may be mated with one cock bird. The birds start to 
the second year and may lay five to nine eggs per year. The eggs may be m* 
cubated artificially or under hens. The incubation period is rwenty-eight to 
thirty days. The young birds may be brooded artificially or with hens. 

Peafowls ate generally fed a ration consisting largely of grains and 
feeds. When given freedom of a range, the birds will secure most of their 
food from weed seeds, grass, ioseas, worms, etc. 

Swans 

Swans are kept largely for ornamental purposes and probably should not 
be classed as poultry. They are more common in European countries than in 
the United States 

Swans are very hardy and need no protection except in extremely cold 
weather. They live in pairs and remain faithful to each other until death. 
Swans make nests of sticks and rubbish and lay from six to eight large 
greenish-white eggs each year. The incubation period of swan eggs is about 
six weeks. 

Swans live on water plants, soft toots, and inseas, under natural condi- 
tions. They may be fed the same kind of food fed to other poultty. It should 
be supplemented with green succulent feed. 

Swans live to be very old. The females will breed for thirty years, and the 
males have been known to live for mote than sixty years 



587 


Ducks, Geese, and Miscellcmeous Posdtry 

REFERENCES 

General and AfiscELLANEOUs 
GUINEA FOWL. U. S. D. A. Farmers’ Bui. 1391. Revised, 1953. 

Hurd, L. M.: modern poultry far^iing. The Alacmillan Co., New York. 
1944. 

JULL, Af. A.: FOWLS OF FOREST AND STREAM TAMED BY AfAN. Nat. Geog. 

Mag., Vol. 57, No. 3, pp. 327-371. 1930. 

JULL, M. A.: RAISING TURKEYS, DUCKS, GEESE, GAME BIRDS. McGraw-Hill 
Book Co., New York, 1948. 

Lipscomb, J. K-, and Homes, H.: ducks and geese. (Gt. Brit.) Min. Agr. 
and Fisheries Bui. 70, 3rd ed, 1941. 

J. L Peyton, Editor, magazine of ducks and geese. J. L. Peyton, Route 2, 
Box 741, Duluth 2, Alinn. 

McAtbb, W. L: peafowl and their care. U. S. D. A. Misc. Pub. 127. 1931. 
AIilby, T. T., and Henderson, E. W.: the comparative growth rates 
op turkeys, ducks, geese, and pheasants. Poultry Sd., 16: 155-165. 
1937. 

Ollson, N.: investigation on the vitamin d requirements of chicks, 
POULTS, ducklings, AND GOSLINGS. Aonals Royal Agr. Col. Sweden 16; 
1-38. 1948. 

Wright, Waldo: he raises guineas for profit. Amer. Poultry Jour. 80: 
No. 5. pp. 8, 14-15. 1949. 

Ducks 

Black, j. D. G.: the vitamin d requirements op intensively kept 
DUCKLINGS. Proc. Eighth World’s Poultry Cong., pp. 96-102. 1948. 
Branion, H. D., Anderson, G. W., and Hill, D. C: cbntidiotics and 
the growth of docks. Poultry Sci., 32: 335-347. 1953. 

DUCKS. THE STANDARD AND MOST AUTHORITATIVE WORK UPON ALL WATER- 
FOWL YET PUBLISHED. The Feathered World. 1927. 

GARSIDE, j. S.t SALMONELLA INFECTIONS IN DUCKS. Jour. Compar. PaihoL 

and Ther., 54: 61-76. 1944. 

Gordon, R. F., and Garsioe, J. S.; salmonella infections in ducks: 

OBSERVATIONS ON THE VALUE OF THE AGGLUTINATION TEST IN THE 
eradication of infection and investigations ON INFECTION VIA THE 
EGG. Jour. Compar. Pathol, and Ther., 54 : 61— 76. 1944. 

Graham, R., Brandly, C A., and Dunlap, G. L.: studies on duck septi- 
cemia. Cornell Vet., 28: 1. 1938. 

Hamlvn, W. l, Dranio.v, H. D„ and Cavers, J. R.: the influence op 
PROTEIN ON THE GROWTH OP DUCKS. Poultry Sd., 13: 333-337. 1934. 
Hegsted, d. M., and Perry, R. L.: nutritional studies with the duck, 

V (Ribodavin and paotothcxuc add rctjuircmcnts). Jour. Nutrition, 35: 411. 
1948. 

Heuser, G. F„ and Scott, M. L.: studies in duck nutrition, l (Methods 
of feeding). Poultry Sci., 30: 161—163- 1951. 

Heuser, g. F., and Scott. M. U: studies in duck nutrition. 5 (Bowed 
legs in ducks, a nutritional disorder). Poultry Sd., 32; I37-I43. 1953- 
Horton, D. H.: the loss in duck eggs during incudatio.n. Poultry Sd., 
11: 23-27. 1932. 



586 


Poultry: Science and Practice 



fSg. 249. Th* ptofow). 

Four Of five hens may be mated with one cock bird The birds stare to Uf 
the second year and may lay five to nine eggs per }ear. The eggs may be m* 
cubated artificially or under hens. The incubation period is menty-eight to 
thirty days. The young birds may be brooded artificially or with hens. 

Peafowls are generally fed a ration consisting largely of grains and 
feeds. "When given freedom of a range, the birds will secure most of their 
food from weed seeds, grass, insects, worm*:, etc 

Swans 

Swans ate kept largely for ornamental purposes and probably should not 
be classed as poultry. They are more common in European countries than m 
the United Sutes. 

Swans are very hardy and need no protection except in extremely cold 
weather. They live in pairs and remain faithful to each other until death. 
Swans make nests of slicks and rubbish and lay from six to eight large 
greenish-white eggs each year. The incubation period of swan eggs is about 
six weeks. 

Swans live on water plants, soft roots, and insects, under natural condi- 
tions. They may be fed the same kind of food fed to other poultry. It should 
be supplemented with green succulent feed. 

Swans live to be very old The females will breed for thirty years, and the 
males have been known to live for more than sixty years. 
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Game Bird Frodnction 


In the origin of wildlife, Nature furnished a place for different , 
birds and animals. In their respective habitat they thrived and were a un 
Nature has not changed, but still many species have been reduced in n^ ^ 
and several have vanished. The last heath hen disappeared May 9t 1“ » 
Martha’s Vineyard Island in Massachusetts. Such has been the 
passenger pigeon, formerly perhaps the most numerous of all birds, inh » S 
practically the whole forested area of eastern North Ameriw. The spec 
seems to have disappeared during the nineteenth century, leaving no 
What are the causes of bird destruction? Wild predatory animals, 
dogs and house cats, and winged vermin such as the Cooper’s hawk are ro ^ 
to do much damage to some of the species. Scarcity of fo^ supply, absence 
namral cover, and long droughts are important factors. An increasing nu® 
ber of hunters, long hunting seasons and excessive kills, pot hunting, ao“ 
bootlegging sales in violation of reasonable conservation regulations hav 
taxed the normal existence of the game birds to an extent widt which nature 
has been unable to cope. 

As a result of increased interest and effort in game restoration, the p^^P" 
agatioo of game birds has developed into an industry of considerable ma^' 
mde in the United States Many states operate game farms for the produenofl 
of game birds to be used to restock depleted areas. Conservation commissio^ 
have been organized in a number of states to encourage and promote lu 
natural propagation of game birds. 

Bobwhite and Quail 

The true quail and parmdge are Old World birds, and their AmericaO 
representatives are the bobwhite and quail (Fig. 250). There are about sev- 
enty species in the western hembphere, but only seven are found north or 
the southern border of the United States. These birds are rather small in size 
with heads completely feathered and sometimes crested; the nostrils 
covered with a naked scale; the le^ are stout and moderately long; the 
toes are webbed at the base, the hind toe raised and rather small; the wings 
ate short, rounded, arched, and strong, the tail varying from less than one- 



Fig. 230. The bobwhUe, er quoll. 


half to about four-fifths the length of the wing; and 
great vatiation in plumage colct is shown among the members of 
® In general, quail welcome the extension of agttculture. and the addrf f«d 
supply in farmed areas results in an incre^ of then number. Because of then 
cheerful disposition and their value as destrojans of nu^. qua.l are weh 
corned by famers. As shown by investigations of the Biological Survey thc« 
birds wiA rare exceptions ate not only h^less, but usually ve^meful 
to agriculmte. The bobwhite constantly feeds on in, minus weed ^ and 
inse^, and thus renders valuable service to the farmer. Many sportsmen con- 
sider the bobwhite the finest game bnd in the world. 

The true bobwhite's distribution is eastern North America from Sou h 
Dakota, southern Minnesota, southern Ontario, and southeastern Maine sou h 
to eastern and northern Texas, the Gulf coast, and northern Florida wes to 
eastern Colorado. They were introduced into central Moiado, New Mexico 
Ucah, Idaho, aiifornia, Oregon, and Washington. This bird v.-as once far 

more plentiful than it is today. -j j- . 

Other species of quail are mountain quail, found in *c humid diMict of 
the Pacific coasr, miked bobwhite. found in southern Arizona; 
found in the southwestern parr of die United States; C^ifornia quail; M«rn 
quail in Texas and Arizona; and the Gambel s quail, dntribuled in the desert 
region of southern California, southern Nevada, Arizona, and southwestern 
Utah cast to Colorado and western Texas. 
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Natural Propagation 


the quail's dally habits ate quite similar 
as feeding, roosting, dusting, avoiding iheir natural enemies an 
mating pToceduret^hould be considered in the bird’s protection and res 


In discussing the natural propagation of the bobwhite it is b ® 

with the covey in midwinter, when the birds of several broods M g 
Stoddard found that in a small cat, with curtains drawn, he could rouo 
coveys and could observe them to an excellent advantage. « the 

Cocks were observed to become very pugnacious toward one ano er 


warm days of spring came, puffing themselves up . 

heads as they met when feeding. All the birds in the covey began to m ^ 


lUWiilU ViUk. , 

and bluffing with lowered 


their conversation or chatter at this period. The cocks began to strut ^ 
pay considerable attention to the females, but the females appeared in no 
excited over the males’ aaions. 

Such scenes as the above become more numerous as spring ^ 

actual time of pairing depends largely upon the weather, and Stoddard o 
that it begins with the first bobwhite call notes. These calls have been ob^ 
to appear as early as February, but generally they begin during March 
April, depending on the climatic coodiiioos. ^ ^ j vh 

Pairing. It was observed that mated cocks fight with more spirit ^ 

benet results in defense of a mate than when in quest of one. The cocks ^ 
not patticulatly quarteUome after being mated a few days, and 
the common belief, several nests may be incubated simultaneously to c 
proximity. As many as five in a single acre hatching off successfully were 
ported by Stoddard. Observations tend to indicate that the pairs may rema ^ 
mated from season to season if both survive, though evidence on the point 
not conclusive. 

Season of nesting. The most imponant nesting months are May, 

July, and August, but nests have been found as early as April and as late 
October. The actual season depends again on the climatic region and ® 


environment. 

Selection of nesting site. A wide variety of nesting sites is utilized J 
bobwhites. The nests may be built in open woodland, in or around a clearing 
or in fields, or in any type of environment normally used by the birds at iCiJ 
season. 

Construction of bobwhite nests. Nests are constructed of the g»ssc^ 
mosses, or other suiuble building material of the preceding season’s gro^'tb 
available near the spot seleaed for the nest. 

Concealment of nests. The quail is very adept in concealing its 
Usually the nest is hidden by a mixture of green vegetation and dead gro 
of the preceding year, but seldom by the former alone, because dead growth 
is required for nest construction. 

Egg laying. Normally an egg b deposited each day until the set is co®- 


Game Bird Production 


593 


plete, or progressively at a later hour each day until laying time comes late in 
the evening, when the day is missed and laying is resumed at an earlier hour 
the next morning. The female may fly to the nesr to lay or she may walk ro the 
nest with her mate accompanying her within a short distance of the nest. 
The female is normally on the nest only ten to fifteen minutes while laying 
her egg. The normal size of a setting is fourteen to fifteen eggs; but the early 
sets of the season contain mote eggs than those deposited later. 

Incubation. Some days, in extreme c^es, a week may elapse between the 
time of laying the last egg and the beginning of incubation. In one case, how- 
ever, where the laying of the last egg was observed by Stoddard, incubation 
started at once. Incubation may be performed either by the cock or by the 
hen, more frequently by the latter. 

Hatching. The eggs ate pipped around the twenty-first day of incubation 
or about forty-eight hours before hatching. This proves to be a critical time 
at the nest, for the plainly audible cheeping of the confined chicks may attract 
the attention of a prowling enemy, and result in the destruction of the brood. 
Worse yet, the "thief ants” may enter the eggs and consume the chick alive 
as soon as the inner membrane is punctur^. If all is well, the chicks will 
emerge on the twenty-third day and all the eggs will probably hatch within 
one or rwo hours. 

Hatching percentages in the wild. Stoddard found that from nests ob- 
served containing 2,874 eggs, over 86 per cent of the eggs hatched, about 
5 per cent being infertile and 5 per cent dead embryos; the remaining eggs 
were not classified. Seasons of droughts may cause wholesale losses, for there 
must be sulficienc moismre present to keep the eggs in proper condition hr 
hatching. 

Brooding. The chicks are brooded a large part of the time for the first 
two weeks by either one or both parents. When less than a week old, they are 
brooded fully three-fourths of the time or even more, short periods of feeding 
Aod exercising being taken bet^’een longer periodj of brooding. Protection 
is required at first from heat as well as from cold and W’ct. During the hot 
summer days the young ate brooded in the shade of trees, bushes, or smaller 
ground vegetation most of the time. The chicks search in all directions from 
the parents when in search of insects, berries, and other food material. They 
immediately starr picking up grir for grinding maicriaL Early in the morn- 
ing their moisture requirements are satisfied by dewdrops. The dewdrops arc 
taken from the grass tips by both young and old. Later in the day, berries and 
tender succulent vegetation growing near the ground provide moisture, and 
die brood is seldom far from such a supply. Thus, with a large porcion of their 
food of high water content, the broo^ are entirely independent of a supply 
of surface water and they have been found to thrive in abundance far from 
such a supply. 

Feeding. The parents make no attempt actually to feed the )oung, which 
search for food themselves from the beginning. Grasshoppers and other in- 
sects caught by the cock are most frequently eaten by the hen. Tlie wings, 
Vihich develop rapidly, arc a great aid in capturing insects. The young may 
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take flights of a few feet within one week after hatching. The “T'* 

exactly as do the old birds from *e fast. The parents duty “ 

watchLg for danger. The brood scatters to hide 

none is given unless the danger is one that cannot be dealt y 

The coloring of the chicks enables them to conceal themselves so 

are very difficult to find. . ^ 

Covey formation- As the birds grow older, their range may enaoacb ^ 
the range of other broods. Thus several broods may come together ° , 
larger covey. These broods are of difficrent parents and are not, as many 
Ueve, several broods of one pair of adults. 

Roosting. As the broods grow and the temperature drop^ Ae 
take up the more perfea roosting formation charaacristic of 
sides close together with heads out, forming a circle. This meth ^ 
maximum warmth, yet allows opportunity for free use of the wings o 
sudden flush in ca<tg of disturbance at night. At fifteen weeks of age 
young ate scarcely distinguishable from their parents. 


Artificial Propagation of the Bobwhite 

Due to the efforts of game breeders, there have been developed effe^® 
methods ofi hand tearing the bobwhite. Thousands of quail have been 
cially reared in recent years Artificial propagation of the bobwhite has been 
used for restocking in depleted areas. This method, combined with imptov® 
meat of the environment, may bring about the restoration of the 
many areas. Other species of quail probably can be bred successfully under 
same s)’stem as the bobwhite. . 

Selection of breeding stock. Though birds trapped in the wild can be 
used as breeders, much better results are obtained with birds raised m cap* 
tivity. If scleaion of breeders can be made from large numbers, it is best to 
select the strongest or largest birds of the flock. If possible, birds which have 
not been near any disease should be selected. 

Management of breeding stock. Most gamp bird farms find that a gre*^ 
deal of trouble can be avoid^ by keeping quail on wire. A pen 5 feet by 
feet will winter about twenty quad. A small shed should be built at one e^ 
of the pen to protect the feed hoppers and water containers. Straw may p® 
placed on the wire under the shed This affords a place of proteaion fro® 
cold. Three*£ourths*mch mesh poultry netting is very suitable for quail after 
they are half grown. The United States Department of Agriculture recom- 
mends outside pens for keeping breeders untd they are placed in the breeding 
pens m the spring, for wintering the birds, and for holding surplus birds »r 
other seamns. These pens are about 12 feet by 70 feet in dimensions. 

Breeding or laying pens. There are many types of breeding pens 
251 and 252 ) . While good results may be secured in bottomless pens resting 
on the ground, these have not been found so satisfactory as pens with wire 
bottoms. The wire-bottom pen may be constructed in a variety of ways. Ctf- 
tain essentials must be recognized in building the pens. The floor spat* 
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Rg. 251. Breeding and laying pent 
ore shown here end on the follow- 
Ing poge. Above, breeding coops, 
with grit ond clobber contoiners on 
lop, ot White Ook Quoil Form, near 
Richmond, Virginia. (Courtesy Fish 
ond Wildlife Service, U. S. Deport- 
ment of the Interior.) Right, o plon 
for o movoble gome bird pen for 
breeding stock or growing birds. 
(Courtesy More Gome Birds In 
Amcrico Foundotion.) 



should be adequate: and a minimum of eighteen square feet per pair ts recom- 
mended. There should be an enclosed space with a minimum area of mi 
square feeq which includes a nest approiimately twelve in^es square^ The 
pen should be elevated ro a position where vegeation will not touch the 




ceutTitf riiH »» nasLirc Mtyicc, •. • •tMtimat or ixt (■iiiiot 


fig. 252. MaU and f«mel« bobwhiUt in laying p«n. N*it, fttittt, ond wot*r*r »hown. ( 
ton Quail Farm. Ptttrtburg, Virginia.) 


bottom and, at the same time, provide practical means of caring for the 
There should be adequate facilities for water, feed, and grit. Breeding ^ 
should be located in an area that is not accessible to dogs, cats, or vermin, 
also better to keep people away from the breeders because quail are e ; 
excited. , 

Feeding. The number of eggs that a quail hen lays is largely 
upon the food she eats during the laying period. To obtain good hatcha i ; 
it is necessary that the nutrients required for the development of the ‘ 
be in the ration. A qiuil breeder who has only a few birds may find co® 
mercially prepared game bird laying mash, of which there are a number ^ 
the market, more economical than preparing his own. The mash shoulo 
placed in feeders and kept before the breeders at all times. Grain, if fed to ^ 
breeders, should be fed sparingly. Water should be furnbhed in small cl 
dishes or galvaniied cups. An abrupt change from maintenance to the lay®§ 
ration should never be made, especially where the latter differs radically ito 
the former. Green feed should l» fed daily and fine grit should be available at 
all times. , 


Mating. Best results are usually obtained by placing one hen and one c^ 
in an individual pen. Some pairs will not mate, and because of this the; 
should be watched until the pairs have become mated. If they do not 
the matings can be changed until the birds are properly paired. Unpublished 
data obtained at the Missouri Agricultural Experiment Station show 
quail will tolerate a degree of polygamy. From 224 eggs obtained from 6'’ 
pens, each containing one male and two females, 204 eggs (91.07 per 
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were fertile. This was a higher degree of fertility than was obtained with 
paired matings. 

Egg production. Bobwhites start laying about the first of April in the 
South and a few weeks later in the northern states, but the exact time will 
vary with the weather and treatment of the birds. By the use of artificial lights 
quail can be brought into egg production before the natural rime of laying. 
Results of experiments at the Missouri Agricultural Experiment Station show 
that when quail are exposed to artificial lights at night, they come into early 
egg production and total annual egg production is increased. The number of 
eggs laid depends upon the birds, as well as upon feeding and roanagemenr. 
Quail under the same treatment have been found to vary greatly in egg pro- 
duction. Wild trapped birds will not produce so many eggs as pen-raised birds. 
Twenty may be considered as a fair average for the first season, with an in- 
crease as the birds become tamer during the successive seasons. Pen-raised 
birds will produce upward of sixty eggs per hen per season. The Game 
Conservation Institute obtained an average of eighty eggs per hen. One quail, 
under artificial lights ac oighc from January to May, at the Missouri station, 
laid 159 eggs from February to September. 

Incubation 

Methods of incubating eggs of the domestic fowl apply to the bobwhite’s 
eggs. The two methods are natural and artificial. For a small number of eggs, 
it may be more profitable to use the hen, but there is greater danger of 
disease and parasites. The treatment of the eggs from the time they are laid 
to the time ^e young are hatched is a very important part of successful game 
bird propagation. 

Selection and care of the batching eggs. Most gamekeepers advise 
gathering eggs once each week to reduce the number of times the birds are 
excited. If the birds have access to an outside pen and cannot see the game- 
keeper when gacheriog the eggs, it is advisable to gather daily. Eggs allowed 
to remain in the nests during hot summer days arc likely to start germination, 
and this results in low’cr hatchabiliiy. 

Care in gathering. Quail eggs must be handled carefully. Their shells 
are very brittle and are easily broken. The caretaker should let the birds know 
when he is approaching. If he whistles before nearing the pens, the birds will 
become accustomed to him and may acmally become friendly. 

Holding. The eggs that are being held for setting should be stored in a 
cool place (a temperature of 50° F. to 60° F. is desirable), and should not be 
subjected to widely varying temperatures. A basement or cellar usually proves 
adequate. The eggs should be stored with the small end dowa Eggs should nor 
be held longer ilian two weeks before being set. 

Operation of the incubator. Proper icmpcraturc, proper amount of mois- 
in the incubator, sulficicnt vcflcihcion, and position of the egg are the 
important factors to consider in operating the incubator. 

Temperature. Quail eggs can be incubated \xry successfully at a tempera- 
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cure slightly lower than that required for the incubation of chicken eggs. Tlw 
best information on proper temperature can be obtained from the mao 
facturer of the particular incubator in use. Romanoff found that the roos 
efficient temperatures for the incubation of quail eggs in a natural-dra t ma 
chine was 101° F. throughout incubation. 

Humidity. The proper amount of moisture in the incubator is very un 
portant for the incubation of quail eggs. Too much moisture may prev^t 
adequate evaporation necessary to allow space for the chicks to ^n m c 
eggs and break the shell. Humidity is dependent upon moisture in the ma 
chine, ventilation, and condition of the room in which the machine is 
operated. Romanoff found that when the incubator is operated at a constant 
temperature and air circulation, a relative humidity rising from 65 per cent 
at the beginning of incubation to 75 per cent toward the end of the 
cubation period gave most satisfactory results. , . 

Ventilation. Ventilation is necessary for the control of humidity and m 
removing gases. It also furnishes oxygen. Most manufaemring compani^ 
give direaions as to the amount the ventilators should be opened during me 
various stages in incubation. 

Turning the eggs. Quail eggs should be turned from two to five times d^y 
for the first twenty days. Most incubators are equipped with devices wtuCD 
enable one to turn the eggs easily. 

Hatching the eggs. The eggs should be moved to the hatching tray where 
a high humidity is malnuined. The hatching tray should be covered or en- 
closed to prevent the active chicks from getting our of the tray. Pedigrtf 
baskets made of one-fourth-inch mesh wire prove good containers for the 
chicks. The chicks should be removed to brooders immediately after they are 
dry. 


Brooding 

For many years bantams or medium-sized hens were used as foster motbep 
in bt^mg quail chicks (Fig. 253). Due to disease and improvement in 
electric and odier nonhen brooders, this practice is decreasing. 

For large-scale production, the colony brooder house has proved most suc- 
cessful (Fig. 254). A two-compartment colony quail brooder, each comparr- 
ment capable of accommodating one hundred birds, which was devised at tbs 
Game Conservation Institute in 1932, has been used successfully. The h^- 
souri State Quail and Pheasant Farm built brooder houses of tile as protection 
against extremely hot and cold w-eather. 

Most heating units in use are electric hovers of which there are many types- 
Some game farms use hot water heated colony brooders successfully- The 
heater should be dependable and supply a fairly constant temperature. 

A layer of sand and oat hulls one and one-half inches deep may be on the 
brooder nwr. The sand should cover the area under the hover and the oat hulls 
the remainder of the floor. The temperature beneath the hover should be 
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couatisT OHIO sivuioH or cohscititioh 


Fig. 253. Naturgi brooding ot gome birds with chicken hens. The hen is confined to the 
coop ond the young ore confined to a small run, for the first few doys, b/ the boords in front 
of the coop. 

Started at 95** F. and reduced about 5 degrees each week. The best Indication 
of a proper temperature is the action of the chicks. Adjust the temperature to 
where the chicks show that they are comfortable. The chicles should be con* 
fined to the hover for two days, during which time the house should be well 
ventilated. Then after two days the chicks can be given the run of the entire 
compartment in the day, bur at night they should be confined to the hover. 
The chicks may be allowed access to the outside run after the fifth day, pro- 
viding the weather is mild. 

Feeding, There are many tested comroerdai quail rations which may be 
used. For a beginner if is usually more profitable to use commercial feeds and 
follow the manufacturer’s direaions. Some brands of feed are in pellets and 
some in meal form. It is important to obtain starting feed for young chicks 
and growing feed for older chicks. Feeding hard boiled eggs with mash to 
the very young chicks at the start may be of some benefit. Young chicks tend 
to eat the boiled eggs sooner than they will mash. Feed the boiled eggs from 
tv.-o to three times daily fay pulverizing and sprinkling over the mash. The 
mash and fresh clean drinking water should be before the birds ar all times. 
The most important thing to maintain is sanitation in feeding and watering 
at all times. Finely cut succulent green feed should be fed daily. Many game 
breeders feed a wet mash, dailj’, foe the first month along with the dry- mash. 
Grit should be kept before the chicks at all times. The birds may be Ranged 
to growing mash after one month of age. Special utensils arc necessary in f^- 
ing quail chicks because of their small size. Very flat feeders arc neccssar)' for 
the younger chicks. Several companies manufacturing game equipment offer 
adequate utensils for feeding and watering of quail 
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cure slightly lower than that required for the Incubation of chicken eggs. 
best information on proper temperature can be obtained from the roan 
facturer of the particular incubator in use. Romanoff found that the 
efficient temperatures for the incubation of quail eggs in a ruiural-dra t ma 
chine was 101° F. throughout incubation. 

Humidity. The proper amount of moisture in the incubator is 'er) ^ 
portant for the incubation of quail eggs. Too much moisture may prev 
adequate evaporation necessary to allow space for the chicks to turn m e 
eggs and break the shell. Humidity is dependent upon moisture in the mi 
chine, >entilation, and condition of the room in which the machine u 
operated. Romanoff found that when the incubator is operated at a constant 
temperature and air circulation, a rebtive humidity rising from 65 per 
at the beginning of incubation to 75 per cent toward the end of the in- 
cubation period gave most satisfaaory results. 

Ventilation. Ventilation is necessary for the control of humidity and m 
removing gases. It also furnishes oxygen. Most manufacturing compaoiw 
give directions as to the amount the ventilators should be opened during the 
various stages in incubatioa 

Turning the eggs. Quail eggs should be turned from two to five times da^y 
for the first twenty days. Most incubators axe equipped with devices which 
enable one to nun the eggs easily. 

Hatching the eggs. The eg^ should be moved to the hatching tray where 
a high humidity is mainuined. The hatching tray should be covered or en- 
close to pro'ent the active chicks from getting out of the tray. Pedigree 
baskeu made of one-fourth-inch mesh wire prove good containers for 
clucks. The chicks should be remos'cd to brooders immediately after they ^ 
dry. 


Brooding 

For many years bantams or medium-sized hens were used as foster motb^ 
in brooding quail chicks (Fig. 253). Due to di sease and improvement in 
electric and other noohen brooders, this practice is decreasing. 

For large-scale produaion, the colony brooder house has proved most suc- 
cessful (Fig. 254). A two-compartment colony quail brooder, ^ch conip^ 
ment capable of accommodating one hundred birds, which was devised at the 
Game Conservation Instimte m 1932, has been used successfully. The ^Cs' 
souri State Quail and Pheasant Farm built brooder houses of tile as protecrion 
against extremely hot and cold weailwr. 

Most heatmg units in use are electric hovers of which there are many types- 
Some game farms use hot water heated colony brooders successfully. 
beater should be dependable and supply a fairly constant temperature. 

A layer of sand and oat hulls one and one-half inches deep may be on the 
brooder floor. The sand should cover the area under the hover and the oat bulb 
the remainder of the floor. The temperature beneath the hover should be 
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of lh« coop. 

starred at 95° F, and reduced about 5 degrees each w«k. Tbe best '"Nation 
of a proper temperature is the action of the chi^. Adjust the teroperamte 
where the chickfshow that they ate comfortable. The ^.cks should be ran- 
hned to the hover for two days, during which t.me the house should be well 
ventilated. Then after two days the chicks can S'«n 
compartment in the day. but at night they should be to the hov«. 

The chicks may be allowed access to the outs.de run after the fifth day. pro- 

vidinc the weather is mild. ... k- 

Felding. Tltere are many tested commerc.al qua.l rat.ons wh. h may ^ 
used. For t beginner it is usually more profireble to ore mmmercal feei and 
follow the manufacturers directions. Some brands of f^ are ■" ^ 

some in meal form. It is important to Ata.o startmg feed for >°“"S 
and growing feed for older chicks. Feeding hard bo.led e^ “ 

the very young chicks at the start may be of some b“=/';,Y™ns ch.cl« rend 
to eat die boiled eggs sooner than they will mash. Feed the 
two to three timejdaily by pulverizing and sprinkling over the 
mash and fresh clean drinking water should be before 
The most important thing to maintain a ,‘1 

at all times. F^ely cut succulent green f^ should be led dad). Many g 
breeders feed a wet mash, dally, for die first month along with ^ 

Grit should be kept before the cliicks at alt tunes. Tie buds may 
to growing mash after one month of age. Special u.ennU are neces^ry in fee- 
ing quail chicks because of their small size. Very flat feeders are n«es^- fc 
lounger chicks. Several companies nunufacmr.ng game equipment oiler 
adctjuatc utcnsiU for feeding and watering of qua* 
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Mongolian pheasant, Denny pheasant, and Oregon pheasant, 
pheafant has no ring about the neck. It is imported from ^ 

commonly called the English pheasant, datk-ncckcd pheasant, and Hungar 
pheasant. There is also an English ring-neck pheasant in America, “ ) 
between the English and ting-necked pheasants. The Mongolian phe^ 
resembles the English pheasant except for a white ring about 
species is the rarest of the four kinds in America. It is a native of^ia. J 
other imported species are found occasioiully in American parks an 


History of the American Pheasant 

Five million pheasants are bagged annually in the United Slates. 
ing states ate South Dakota, Minnesota, Nebraska, North Dakota, ow 
■Wisconsin, Illinois, Pennsylvania, New York, New Jersey, Connecticut, an 
Massachusetts. . 

Probably the first ring-necked pheasants brought to the United^ He 

bought by Judge Owen N. Detmy in a Shanghai public market in 1882. 
bought four pairs of Chinese pheasants, costing thirty-five cents a pair- 
judge Denny shipped pheasants to the state of Washington with gre« su 
cess. By 1892 fifty thousand pheasants were killed on the opening day 0 ^ 
hunting. After this successful introduction an increased interest in 
developed in the eastern and central states. English pheasants were successiu y 
introduced into America early in the nineteenth century. 

Rearing pheasants for stocking purposes in America was given a grear 
boost when in 1912 the American Game Association established demo*^ 
stration game farms and published a special bulletin on pheasant rearing. 

Natural Propagation of Pheasants 

In general the pheasants ate birds which inhabit open or brushy couotty 
and not woodlands. They prefer swampy regions, brushy areas, or old mca 
ows, where they can hide from their numerous enemies. 

Winter flocks. In the fall months the pheasants begin to congregate 
flocks. The size of the flocks may vary greatly, depending on the number 0 
birds in the vicinity. During the winter the flocks roam through the fid^ 
usually in search of feed. They often come to barnyards and associate with the 
domestic fowls. 

Courtship. As spring approaches, (he large flocks break up into 
smaller ones, and the males become less friendly toward one another. Tnr 
males generally begin their crowing call m Match, depending on the dimaW 
conditions and the latimde. Soon after crowing commences, the cocks begu> 
beatmg their wings. The caU is a challenge to other males and an inviiaooo 
to the females. 

Territories. The exact amount of territory which one male will defend b 
not known. It depends largely upon the environment and the number oi 
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birds ia a given area. The male usually seJects an elevaced spot to do his 
crowing, which warns other males to keep away. Beebe believes that where 
there is a surplus of females the birds may be polygamous, but that often an 
individual male may care for only one mate and brood. Some writers believe 
pheasants are naturally polygamous in the wild, but some males may have 
monogamous tendencies. Generally, in the spring, one male w'ill be seen with 
several females. 

Nesting. The pheasant will usually begin to lay in April or May, depending 
on the latitude and the climatic conditions. Birds may nest as late as September. 
Nests are generally found to be placed on the ground, usually in a small 
natural or scooped out depression. The nests are lined with grass, moss, or 
whatever materials ate near the spot. Pheasants often build their nests under 
natural cover. Randall reported that studies made in Pennsylvania show a 
large mortality among pheasant nests. Only 20.3 per cent of 310 nests under 
observation were successful. Less chan one nest in four produced young. 
Only 23.1 per cent of 445 nests examined in Iowa by Hammerstrom were suc- 
cessful. English reported that 34.8 per cent of nests smdied in Michigan 
hatched. Randall reported that causes of nest failures were mowing, 49.8 per 
cent; harvesting, 3.6 per cent; and cutting weeds, 2.0 per cent. Approximately 
30 per cent of the losses were due to predators. 

Egg laying. The number of eggs in a dutch varies considerably. Randall 
reported clutch size varying from 4 to 23, the average being 10.8 eggs. 
Hammecstrom's smdies showed a range in clutch size from 4 to 26 eggs, 
averaging H.2 eggs. The clutch size declines as the season advances. 

Incubacion. As a rule the female incubates the eggs with no assistance from 
the male. The setting hen is well ptoteaed on her nest, both by her coloration 
and by her lack of scent. Hammerstrom found that fertility varied but little be- 
tween three seasons of study, and averaged 93.1 per cent. Randall reported 
94.1 per cent fertility, with 90 per cent of all eggs hatching. The eggs de- 
velop and hatch on the twenty-third or twenty-fourth day of incubation (Fig. 
256). 

Care of the young. Soon after the young are hatched, usually within 
twelve to twenty-four hours, they arc moved from the nest. As soon as the 
chicks grow strong enough ro travel, the ben leads them in search of food. 
After the young are six to seven weeks old, the cock bird occasionally wanders 
with the flock. By thirty to forty days of age the young birds are fully feath- 
ered. Pheasants do not inocase gready in weight until they have obtained 
most of their feathers. 

Roosting. Generally pheasants roost on the ground, although it is nor un- 
common to find them roosting in trees. They do not form the roosting circle 
which is characteristic of die quail 

Feeding. From studies made in Michigan, Dalke reported the following: 
Adult pheasants do not feed as soon as they leave the roost, but wander about, 
taking little food until about an hour after sunrise. They seldom feed during 
tile middle of the day, summer, or winter. The pheasant is an omnisorous 
feeder. Corn, wheat, and barley comprise 83 per cent of all the grain eaten. 



Fig. 254. Above, brooden ot WKifo Oak Quail Form, near Richmond. Virginia. (Courle*/ F' 
and Wildlife Service, U. S. Deportment of the Interior.) Below, colony brooder hou>* 
equipped with electric brooders ond wire-floored lun porches for gi ime bird propagoHO" 
(Courtesy E. W. Collenboch, Fenniylvonia Stole College.) 
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Sanitarion. The success of 
propagation of quail depends 
to a very large extent on sani- 
tation. The droppings from 
the sand beneath the hover 
should be removed every 
morning, and all litter should 
be removed weekly. Confine 
the birds to the run when 
cleaning the house. Care 
should be taken to keep all 
flies from finding a way into 
the pens. The water should be 
changed daily, AH utensils 
should be washed in lye water 
to keep them clean. 

Foster parent method of 
propagation. The Missouri 
Quail Hunters, Inc. and the 
Missouri Conservation Com- 
mission have developed a pro- 
gram of quail propagation in 
which breeding stock is main- 
tamed for pfi^ucing eggs to 
be hatched in incubators. The 
chicks are brooded until one 
to c\s’o weeks old when they 
placed with n\-o foster 
parents (a male and female) 
ind soon thereafter released 



covarfsr rfw mv titmt. l> i 


where conditions are consid- F‘9- 255. Wng-netk pheo»ont. (DrowSng by Sim.) 
wed favorable. Wild foster 

puents are being compared with pen-raised parents. It is believed this plan 
W‘iU overcome some of the difficulties encountered in releasing pen-reared 
quail 


Pheasants 

Within recent years the rearing of pheasants has begun to attract attention 
in the United States, and propagating enterprises, ranging from a few birds to 
farms raising many tliousands of birds, arc found throughout the countiy 
The original home of the pheasant was tn Asia. Today, with the exception 
of the cold northern regions, it is represemed in all civilized countries of the 
'’‘■odd. The ring-necked pheasant imponed from China, its natural home, has 
a broad ^hitc ring about the neck (Fig. 255). U is called by various names, 
^ong them being Qiinesc pheasant, China pheasant, Chinese ringneck, 
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Fig. 256. A halch of »ing-n*eked pKoa»o«t thick*. They tnoy be shipped t« d*'«^ 


Mtn* oi chick*. 

Adult pheasants are not large consumers of insecu and other invertebrates, 
in comparison other food eaten. 


Artificial Propagation 

More pheasants than any other kind of game bird are raised by 
probably nine-tenths or mote of the total number of pheasants rear 
this country are ringnecks. In the East the English rmgnecks predom ^ 
and in the West the Chinese ringnecks are most common. The ^ 

nedc has a variety of qualifications which make it an outstanding 
propagate artifici^y. It b prolific and also polygamous and sumcientiy t- 
uoUablc to be a success ou a game farm. It retains its wild instina so 
can well protect itself sshen released. The bird seems to thrive 
colder northern sutes. The same methods of propagation may be apphed 
equal success in the rearing of all pheasants. 

Seleaioa of breeding stock. Care should be used in seleaing 
stock. The birds should be carefully selected for health, vigor, egg 
purity of strain, and size. If possible, a nearby source should be chosen ^ 
the stock inspeacd. The bree^rs arc generally seleacd in the fall and hd 
a comfortable pen until the matings are made in the spring. . 

Marugement of breeding stock. The success of a pheasant 
depends largely upon the care and management of the breeding birds, 
obtain the most pro.ficab!e results from anificial propagation of pheasants, 

U...!. rrtMcr mmfnmKV ar all 
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Pens. The small game breeder can do away with some expense by using one 
enclosure for both holding and laying pen. These pens are usually large 
enough to accommodate one cock and five females and are portable to permit 
their being moved to fresh ground. These pens may vary in size. Many breed- 
ers use pens having dimensions 8 feer by l6 feer, 3 feec high. The main prob- 
lem is to have sufficient room for the breeding birds, and pens which can be 
moved. A shelter should be built in one end of the pen for proteaion from 
the weather and to furnish a place for feeding and laying. 

Community pens are most economical for the large-scale breeder who pre- 
fers to rear birds under natural conditions. Most pens of this make are of the 
open type, and the wings of the birds are clipped to prevent escape. The size of 
these pens depends upon the number of birds whidi are to be used. For one 
hundred hens and twenty cocks a pen 150 feet by 150 feet proves suitable. 
These pens should be constructed of inch mesh poultry netting to prevent 
vermin from entering them. The pen should be six or se%'en feet high and 
extend from six to twelve inches below the surface of the ground. The ground 
should be well drained and covered with a good growth of vegetation. 

bffiting. Pheasants should be taken from the winter holding pen and 
placed in laying pens about four weeks prior to the start of the mating season. 
This is usually done during March. Only the best birds should be used in 
matings, placing one cock bird with five females. 

Feeding. The breeders should be started on their laying ration when 
placed in hylag pens. A gradual change should be made from wintering 
feed to the laying ration by adding a small portion of the bying ration to 
the saatcli grain until nothing but laying ration is being fed. Many pheasant 
producers prefer feeding good commercial laying mash. The mash should be 
kept in hoppers and before the birds at aU times. Oyster shell, grir, and 
charcoal as well as fresh drinking water should be kept before the birds also. 
Green feed should be provided. To avoid disturbing the birds, they should be 
fed and watered from the outside of the pen. The waterers should be washed 
daily and the feed should be kept free of contamination. 

Fgg production. Fheasancs start bying in April in most parts of the 
United States, but the exaa time depends upon the weather and their man- 
agement. The number of eggs bid by the females also depends upon the 
treatment as well as the bird’s capacity (or high egg production. The number 
of eggs bid can usually be increased by the use of improved feeding and 
other management practices. Pheasants will by up to fifty or more eggs in a 
season, but a conservative estimate for the season is an average of about 
ihirt)--five good eggs pet hen. 


Incubation 

Artificial incubation has gone through an experimental suge, but it is now 
used by many breeders. Ir is especially desirable for large-scale production. 
Hens arc still being used by some breeders (Fig. 258). 

Selection and care of the batching Jr b ncccssarj* to coUccr eggs 
once a day. Gathctinc eegs twice a day is recommended for open pens to 
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eauilKiT contliiMiea ctfiiiattt 


fig. 2S7. Phaatofttt at winitr fatding h»pptr> 

prevent thefts by crows and formation of egg-eating habits by the 
The eggs should be graded for size, shape, and condition. Thin-shellea^ 
undersized, or poorly shaped eggs should not be stored for setting. 
should be stored in a well-ventilated room ranging in temperamre from > * 

to 60® F. A cellar or basement is a satisfactory place to hold 
Pheasant eggs should not be held in storage longer than two weeks 


they arc set. ^ j 

Operation of the incubator. Factors affecting the incubation of the ge^ 
of the domestic fowl and bobwhite also affect pheasant eggs. The . 
the incubator in hatching quail and pheasant eggs, however, differs shgn / 
Temperature. Romanoff in 1934 found that the temperature 
for pheasant and quail eggs are different, and that it would not be advi» 
to incubate them together in the same incubator, particularly at the en 
the hatching period. He repotted best results when a natural-draft * , 
was operated at 102° F. the first period, 101° F. at the second period, 


100° F. at the third or concluding period. 

Humidity. The proper amount of moisture depends upon the ventilan 
and conditions under which the incubator is operated. It is also depco 
upon the make of the machine, which makes it advisable to follow the 
facturer’s instructions. Romanoff found that at constant temperature and 
circulation, pheasant eggs requue higher humidity at the beginning and lowei 
at the end of incubation — Aat is, falling from about 75 per cent relan^ 
humidity to 65 per cent. Three ways of determining the moisture conditioo 
of the eggs are by the rate of evaporauon, measured by the size of the a 
cell; the loss of weight due to evaporation; and the wet bulb thermomete 
readings. Fifteen per cent loss for the twenty-one days is recommended. 


ceaiTM* wifcenaiN soNiittATion 

Fi,. JS 3 . h." on ph.o.ont .S 9 >. •»•»'"» '"■‘'"S »" ^■ 

Ventilation The amount of ventilation varies with the t)I« of machine. 

Ventilation provides » rule"th®e“^ntila. 

IS a factor m the regulation or the evaporaiwu. ^ b , , ventlla. 

tors are craduallv opened to a maximum on the fifteenth day, but \entila 
• • 1 ^ • m when the eccs start to pip around the twenty* 

tion IS reduced to a minimum when tne egg> tr r 

first day.^ . 1 1 K,. mmed three to five times daily. Tlic Penn- 

Turntng. ^„timcnt Station obtained best results when eggs were 

sylvanta Agriculnual ^ relatively high humidity in an agitated-air 

incubated for eighteen days at a rcw / t, /e^-rinnil "will-air" 

or forced Jraft incubator; and the eggs were hatched tn a sect.onal, still 

incubator. 

BrooJhtg 

-n, • „,lv increase in the number of game breeders using artificul 

of btoodtog. Artificial brooding eliminates danger from the hen 
sprea^g di^ases and patasites to the young, and econcm.res on land and 

• r- t„nn hrnndcr houses ptove satisfactory for pheasant raising. 

EHu.pmcnt. Mon^|^«lm P^_^_ Station breixied pheasant chicks 
The Pcnnsjbmia g niched wire-ilootcd sun 

porches. Caltfotn a bte,Jc„ ^ a 

concrete center of a desirable range for the birds. The 

uTshturaie well drained, fresh, and contain a good growth of vegetation. 
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Cleanliness, adequate floor space, dr^ess. »nlight. ^ 

portant factors to be considered in the brooder house. These 
important in practicing a sanitation program. heating 

Coal brooders, oil-burning stoves, electric o’" ^ J 

system may be used. The temperature at the outer 

be regulated at 95" F. for *e first week. The floor o the broods >.o^ 
should be covered with a dry litter of fine sand, oat hulls, or toe y- 
necessary to keep the chicks near the heat until they are capable 
their way to and from the stove. The feed and water should be p 
the stove for several days. After ring-necked pheasant chicks are six 
to eight weeks of age, they should not be confined to a colony ho 

small sun porch. j , larce 

Feeding. The successful propagation of pheasants depends in 6 
measure upon the use of a proper ration. For the first three to our ) 
young pheasants should have feed placed on paper or cloth sprea ove 
Utter. By sprinkling feed in front of the birds, they may be taug ^ ^ 
more quickly. The following feeding results were obtained at the c 
sylvania Agricultural Experiment Station in 1934: 

1. Better early growth of ring-necked pheasant chicks was obtained 

of higher protein content than those used for chicks of the domesoc 

2. The best growth and feathering and the greatest feed consumption 

were secured through the use of a radon analyzing approxima^y 
pec cent protein. ^ 

3. A free choice (cafeteria) radon did not give sadsfaciory results as meas 

by growth, feather development, or livability. , £ . 

4. The use of ordinary commercial (55 per cent protein) meat saaps and ^ 
meal in the prepaiadon of a high protein mash caused the development o 
appreciable percentage of slippy tendons. 

Many pheasant breeders are using commercial rations, especially in brooder 
operations. These feeds are generally fed in the form of mashes or pellets o 
in combination with grain mixture. , 

Skoglund in 1940 obtained excellent results, as measured by growth, » 
consumption efficiency, mortaUty, cannibalism, and occurrence of perosis. 
from the following ration: 


Ground yellow corn meal 224 lbs. 

Wheat bran 300 

Flour wheat middlings 250 

Ground oats 200 

Dried skim milk 250 

Alfalfa leaf meal 100 

50 per cent protein meat scraps 221 

White fish meal 55 

Soybean oil meal 390 

Salt 10 

Cod liver <mI (400 A.OAC chick 
units of vitamin D) 5 



U.KI,. •.t.lC*. ■■ 

F.,. wad ..rV., =.bbl.r. Mo........ Wl.did. OK.oho.o, 

Sani^FicFF. A santa.icn program should bo pracricod ar all rimos. which 
will prcvenr the outbreak and spread of disease. 

The Wild Turkey 

fSfSiiSSss 

which to roam thaa do most resident spec^ 6 rr^nntw to- 

to travel fifteen miles from their roosts. Tfm wi tur ) 
day chiefly inhabit deep woods and dte borders of “S' 

find them’^ in the nei^ltborhood of streams or 

marginal lands and wSoded areas were eaten over for farms, the .‘“W “ 

dri4n ofl b«r -nog and f^fog gr^d ^t^^^of . or.^nal 

muS r d'e^etfon i"sS'.hL wild spe^l bur the chief factor was 

RealL'nrtheTportance of the wild mrtey as food in certain areas, as 
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an object of sport, and as an insectivotons bird, and 
the past when other species were permuted to die out, S 

State governments, private organizations, and individuals are taking p 
save this species. 

'Natural Propagation of Wild Turkeys 

Wild turkeys inhabit the forest but wander into fields in 
They may be successfully introduced in farming regions, where the w 
are not large, provided that the area is large. They are polygamous, usua y on 
gobbler caring for several hens. . . 

Winter flocks. During the winter months the wild turkeys are m g 
mixed flocks, feeding and roosting together. During extremely bad weat m 
and when food is scarce, they may wander near the farms and mix wi 
domestic birds. 

Mating. As the spring days approach, the large mixed flocks begin to sep^ 
arate into small groups. Each small group usually is made up of about ve 
birds, three or four females and one or possibly two males. The first ^ 
the mating or nesting season is the shifting of the range of the birds froni_ 
dense cover of the uplands to mote open country and the breaking up ‘O 
smaller groups. 

Nesting. Usually each hen will withdraw from her group to locate her nes^ 
but occasionally more than one hen has been found laying in the same nes 
Two hens are frequently found setting on the same nest. The turkey hen 
select her nesting site in any one of many environments. She usually seleCK a 
site with good visibility overhead and on at least two sides. She also preter 
a place which offers facilities for an escape by flight. The hen will depeu 
upon her coloration and sense of sight and hearing to escape from danger* 
The sides of logs, heavier limbs or treefalk, and jutting rocks offer choice nest 
ing sites. The turkey nest is seldom fat from water. The turkey hen mak 
regular trips to water and usually all watering is done at the same place. WbeU 
the eggs begin to hatch, the hen apparently does without water until her 
brood can follow her. The nest is usually only a slight depression in rh® 
ground which may have resulted from the bird wallowing, or it may have been 
a natural depression. The hen pulls leaves and twigs around her while she is 
on the nest. Apparently most hens covet their eggs when leaving their nests. 

Egg laying. The laying season may extend from the latter part of Max 
to June, depending upon the climatic condition and the environment. Blak^ 
in 1937 reported that in Missouri the peak of the laying season may b® 
placed in the last two weeks of April, and that of incubation during the las' 
two weeks in May. The wild turkey hen usually lays one egg daily, 
successive egg being laid a btile later m the day. The hen may skip a day 
and begin over again, laying early in the morning. The hen generally runs 
with the family group after laymg her egg. The average clutches in 'be 
wild range from eight to sixteen e g^ with fourteen- to sixteen-egg clutches 
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being most common. AttifidaUy ptopagated wild 

o( 59.75 mm. and width of 45.69 mm. w.th a weight of 66.55 g^. 

^ond ot thjrd day h^ p^srf -n gobbfer remains in the vicinity of .he 
mg assisted by the gobbler, but g . at first. Toward the 

family group. The hen leaves the 

last of incubation she leav« only , I ^ the hen feels that she is 

to lead intmdcts from their nesa or broo^ . 

Hatching. The acmal hatching pert reported that from 

depending upon the treatment th ^ 7 hatched, 

991 eggs incubated by '““‘^^^J' ^^nierset. Of Ais 12.3 per cent, 

"n[rretS;1ip^-nt 

in search of food. The poults are ® ® \os^ during the first 

is too wet the bad weStet because the young birds can- 

and second weeks may be g «c j^D 

not stand wetting and chilling. 1“ favorite range for the brood 

faults during bad ^ults grow older, 

IS generally borders of open fiel^ i^suarch of food.^ie brood feeds 

they may range farther into o^n extremely hot 

almost continuously, except ^shen combaiinc fleas, lice, ticks, and 

part of the day. Dusting is is generally obtained from 

chiggers. The poiflts require wate feed, or from small surface pools. 

Artificial PropagalioH of Wild Turkeys 

s'Zi‘:>-.d‘ksl i: 

propagating wi d turkeys. If ti e ^ j^bnet. which is 

used which will nume ^ panly from parental educa- 

necessaty for tlie birds obtained from the environment and 

S,=Tun\lnV-rernd capable ofVoteaing hself.and (2, a reaction 
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to the enviromnent, which keeps the bhd in good physical 
important to breed only the native wild species for liberation, or 
fully described methods of propagating turkeys see Chapter Sixteen. 

Selection of breeding stock. The greatest difficulty in propagating 
turkeys to be released in the wild has been to obtain turkeys that true 
native wild turkeys. Only the true wild species should be selected * 0 ^ Dreeder^ 
Even though one has native wild turkeys, there is great danger of t e 
birds becoming so domesticated that they caimot survive in the wil ' ° ™ ^ 
localities no confined gobblers are utilized, but breeding pens are scatter 
throughout territories of the native wild turkey range where native 
are available. Poles ate leaned against the fence to enable the wild 
to get into the enclosed pens. ^ , , 

Pens. Some pens are made with five-foot field fencing, or rabbit wire. ^ 
breeders prefer a seven- to nioe-foot fence. The pen contains a pole to«t 
which may or may not be protected by wire netting or a shed. Laying faci iti 
are furnished by scattering brush heaps over the breeding field. 

Feeding. Breeding birds may be fed on rations recommended in Chapt« 
Sixteen for the domestic birds. The feed should be placed in feeders, scatter 
about the breeding area. 

Egg production. Turkey hens under confinement do not generally nest 
■ \ the usual manner. Several may by in the same nest. They may produce a« 


average of fifty oc more eggs during the breeding season- The eggs 


should 


be collected daily and should be held in a cool, moist, well-ventilated room- 
They may be held from one to two weeks before they are pbced in 
battery. To obtain the greatest number of eggs from the hens, artificial ifl* 
cubation should be practiced. 

Incubation. Factors affecting the hatching of domestic turkey eggs also 
affea the hatching of wild turkey eggs. The operation of the incubato' 
should be the same as that recommended in Chapter Sixteen. 

Brooding. Wild turkey poults may be brooded in the same manner as 
domestic poults. Proper brooding facilities include the brooder house, 
which offers adequate ventilation without drafts, maximum degree of ligb^ 
a wire-bottom sun porch, a properly tegubted brooder stove which supphes 
sufficient heat, and other facilities for feeding and watering. The poults aw 
raised in the brooder house until six to eight weeks of age and then moved 
to range pens. Feeding recommendations for the poults are the same as recotn* 
mendations for domestic poults. The poults are held in the smaller range pens 
until fourteen to eighteen weeks of age, at which time they are released m 
the wild. One method of propagating poults is to allow the hen to hatch and 
brood the poults until they are six to ei^t weeks of age, at which time ih« 
hen and brood are released. 


Other Upland Game Birds 

Chukar partridge. One of the newest game birds in this country b the 
chulur pauidge. (Fig. 260.) H,„ species hss been liberated in many sotO 
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and with success in some states. The ' 
species is one of many originally found 
in Asia and southern Europe. Tins in- 
troduced species’ home was along the 
southern slope of the Himalaya moun- 
tains. The chukar can apparently stand 
any climate other than regions exces- 
sively damp. In its native home, it is 
found at altimdes tanging from sea level 
to more than 15,000 feen The adult bird 
weiglis from one to two pounds, which 
makes the bird about four times larger 
than our native bobwhite. In general die 
bird’s color is buff to gray, with a black 
necklace around the throat and vertical 
bars of black and brown on the sides. 

Red feet and beak are characteristics of 
the adult birds. The males can be distin- 
guished from the females by their larger 
heads and body, coarser features, and by 
their more pronounced spur buds after 
the first year. The chukar has a very 
powerful flight, usually flying down hill, 
if possible, when flushed. 

Natural propagation. In the wild 
the birds are monogamous. The 
builds its nest in a hollow scratched m . . . , • ,.p 

the ground, usually lined with grass or Fi, 260 Ch.ko. pcrinda. o. w.nf.r 
leaves. Sometimes they are built in the ‘"9 ®pp 

open or they may be l^ted .5 generally difficult to find. 

tectmg shelter of shrubs or htget^^^^ Lrteen'eggs. which are 

A normal dutcli m ^ hrown The young arc brooded in a manner 
ycUowish-white spelled with J ^ into 

sitnilar to ffie ^-^^andTr^^t X -til the folLins®sptins. at 
S ttrCbS up i^paita m food of the wild chnltat conststs 

of berries, insects, gram ehukar can be attifi- 

^tificial prop»S-™“ Ld. Methods used for prop- 

cially P'°P^P‘=d used propagaung chnkars. Ihc buds 

agattng quad and P^"^ Agritilnnal Experiment Station ob- 
are generally patt^ but t^ M^- J , ,,,,eh,b,l,ty, from a pen 

tamed better rcsul^ ^ “““ Tcmlles than from single pair manngs. The 
bavtug one male mated confinement « pract.cally the same as 

average CK tLial lighta at night from January to hfay, hid 
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Station. The chukar generally 
starts laying in April and contin- 
ues into August or Septemb^ 
The chukar partridges can be 
brooded and reared the same as 
quail. Bade in 1935 reported that 
no other game bird was as easily 
brooded as the baby chukar. 

Ruffed grouse. There are four 
recognized races of this groi^ 
(Fig. 261), the ruffed grouse, the 
Canada ruffed grouse, the 
ruffed grouse, and the gray ^ , 
grouse. This species is distribut^ 
over a large part of the wood 
region of the United States an 
Canada. The ruffed grouse is a 
hardy dweller in forests, deep 
thickets, and on rocky mountain 
slopes. It will disappear from re- 
gions depleted of trees. Its drum- 
ming is a pleasant and common 
sound of the woods where the 
species is found. The drumming 
usually is a call to the female or a 
challenge to combat. Often the 
male will drum apparently for no 
purpose other than for exercise. 
The bird's startling noise t^heo 
rising and its powerful flight make it a very good game bird. 

Natural propagation of ruffed grouse. The ruffed grouse is a polyganu^t. 
The grouse nescs on the ground, but the nest is protected from prowlers by the 
female's coloration and lack of scent. The nest is generally in thickets, woods, 
or dense undergrowth, sheltered under a log, stump, or tree. The nest is con- 
structed of old grass, twigs, leaves, roots, and a few feathers. The average clutch 
size IS usually ten to fifteen eggs, the eggs varying from whitish to brosvntsb 
in color. The brood lea>es the nest as soon as the natal down is dry, but d^ 
not range far from the neighborhood of the nest. The young generally feed 
themseUcs, the mother spending her time watching for enemies. The 
can use their wings in about a week after they leave the nest and can fly a 
distance within three weeks. As the birds grow older, they learn to roost by 
thcmscKes in shrubs or trees. By Oad>er the birds begin to lay on fat and to 
grow downy covering for body and Ic^ to protect them during winter. The 
birds may move from the higher regions to swamps and valleys for food and 
shelter during winter and there they remain until the spring days bring fordi 
Uie mating irunnct. 
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Artificial propagatioa of 
ruffed grouse. The system used 
in rearing quail can be applied to 
grouse. Grouse eggs are easy to 
hatch in an incubator and by us- 
ing a good sanitation program and 
by proper feeding the birds can 
be grown to maturity successfully. 

Prairie chicken. This species is 
distributed from Michigan and In- 
diana southward to Texas and 
westward to the Great Plains (Fig- 
262). They have been greatly re- 
duc^ in numbers because of pred- 
ators and the destruction of thek 
food and cover. The food of prai- 
rie chickens consists of many in- 
sects and green feed in the sum- 
mer, and fruit, seeds, and grains 
during the winter. The bird 
on the ground in open praUie 
country, the nest usually being 
sheltered by grass or bushes. It is 
placed in a slight dept^ion m 
the ground and lined with grass 

and a few feathers. Eight to CR’clve i — . Farm.r*’ 

eggs make a dutch. V«y few prai- ft,. ^ 

tic chickens have been artificially 

propagat^ game birds, cccepting 

Sage hen. The sage hen is S Canada south to 

only the wild tuikey. It „pidly decreased in numbers. 

Califomb and New a sage brush and neat a spring or 

The bird nests on the ground, y j—jai mating grounds. In winter 
sneam. The binls are and in .he valleys or 

diey assemble in and sage leaves, 

in the timber. Their f^ bi^ arc desccndanis of birds that have been 

Hnn^ian Stares. They are generally monogamoin 

unported and released in ih propagation. These birds have mul- 

and are us^ly Pf ™'? ‘^ga and several sates in the United Sates, es]^ 
tiplicd quite apidly in snecics has aho thrived in Wisconsin, 

ebUy Oregon MnnSiuois, and Iowa. Some birds arc 

Ohio, North and DAo^ ^ ,^bcr and 

found m other sates. ^ ,han fence 

brush. Th'fJ^ m build’^it nests. Winter food can be fumisbal 
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liar to those for quail. Feeding may follow the recommendations 

quail and pheasants. In the wild, the birds are rapid flyers and, therefore, good 

targets for sportsmen. 

Releasing Artificially Propagated Game Birds 

To obtain the maximum results, all birds should be released in an area that 
best meets their requirements. For the upland game birds, the first reconuncn 
dation for an ideal area is suitable cover. Before releasing game birds, eve^ 
thing possible should be done to improve the food conditions and increase e 
protection of the birds by improving the cover and by freeing the area irom 
the more destructive enemies. Having obtained an area with adequate cmer 
for protection, and sufficient food and nesting facilities, certain direaions ^ 
be followed in liberating the birds. The best season of the year for releasing 
birds is in the spring after the leaves and grasses are beginning to turn gr^ 
The birds should be fed before releasing, preferably on green succulent feed. 
The birds should be taken to the seleaed covert late in the evening to 
them from wandering too far before becoming localized. The coop should w 
placed so that the opening faces the cover. It is advisable to scatter some 
around the box before opening the door for release. The birds should never w 
forced from the coop; allow them to walk out of their own accord. The birds 
may be enticed to r ema in in the area if some feed is scattered near the co'cr 
occasionally. The number of birds to release in an area depends upon the spe* 
cies and upon the environmental factors such as food supply, cover, and nuffl* 
ber of wild birds already present in the area. Two to six pairs of quail are 
usually released to a cover. With pheasants best results are secured where cocks 
and hens are released b the ratio of one cock to three hens. For wild nukeys 
it is recommended that a flock of about fifteen birds be released together. It u 
best to release the younger turkeys, fourteen to eighteen weeks appearmg to be 
the best age for liberation. It is best to release the artificially propagated tur* 
keys near wild turkey ranges. 


Waterfowl 

The North American contbent has always possessed a great variety and, 
one time, an abundance of watcrfowL Most species were abundant as late es 
forty years ago, but the begbnmg of the twentieth century marked a peicepO' 
ble decrease of waterfowl In many instances the decrease has been alarming- 
This decrease has been attributed to several factors, mcluding (1) destruc- 
tion of water and marsh lands once used for feedmg, nesting, and breeding 

g,roun^; (2) a large number of hunters taking a heavy yearly toll; (3) 
non of waters; (4) disease and parasites; and (5) natural enemies. A^icul' 
has claimed vast areas of land once inhabited by wild fowl The great 
breeding grounds of the North and West once possessed all requisites lot 
waterfowl existence. Prairie grasses afforded good nesting cover. The man/ 
lakes, streams, and potholes offered unlimited food and protection. Most of 
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the breeding and nesting grounds within the United States have been de- 

stroyed by man or drought. __ , i r j i 

Realizing the possibility of waterfowl vanishmg completely, federal agen- 
cies, state livernients, and many private organizations are studying means of 

increasins the number of waterfowl. , l . 

Three species of waterfowl— ducks, geese, and swam— make up the grearer 
part of the artificiaUy propagated aquatic game birds. &veral thousand water- 
fowl are propagated annually in the United States, ducks being propagated m 
greatest mmbeis. The maUard is the most common and most se- 

cies of the duck family. This species is fomd m most of 
is plentiful except in regions where it has l^n destroyed Wild mallards have 
furnished sport for man for many years and tame maUards have been used o 
food for centuries. The mallard is the chief waterfowl of most game P^“- 
This species is a hardy one, staying in the cold regions as long m food and 
fehTater rplentL. Wn Sater freezes in f 
southward. There ate numerous other species of ducks in ■ 

The Canada goose is familiar to neatly everyone. It nests in the 
regions of Nor* America and migrates to the southern 
The Qnada geese feed largely on vegetable maner as do 
often enter *e grain fields during the ff 

rather easily reared from pairs held in captivity. The buds are allowed to hatch 

■‘'t:f™*s^itKr North Ameri^ 

dant, but large numbers were kiUed by man and today they are scarce. 

Aiding Game Birds in Their Natural Environment 

Very few farms ate entirely free from waste areas where food and covet can 
be provided for game birds. Allowing these wmte “^^'1^- 

tation may provide suffici^t ft^ *rbhdsVi“' ‘heir predator 

portanc faaor in game produaion. It protects b 

fnemies and also extreme climatic conditions such “ /“r, cold, sn^w ^d 
storms. Game birds also need cover in which .0 nest “^,7“ ‘f " “ 7 ;,^ 
quail, pheasant, and partridge will nest ^ 

roadside thickets, and along the margin o w n . fanner who 

Many birds se^m to prefer nesting in gram hajfid^. 

• • ^ bird CTOD should usc mcaos to avoid destroy 

v>f^n=d^fa^.Pon— ^ 
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Fig. 263. M«p «f a 160-aera earn-balt form bafora i» wo» impraved for wild *'^*'/^** 
Figsira 2600 Hag* «»a orchard in foreground; no tree* on lawn about form boi '**9 
ont covey of quail (Q in circle] on farm. 


food and covet during the spring, summer, and fall for most game 
ter is a critical period for all species of birds because during thb 
birds meet numerous hardships. Food supplies diminbh in quanti ^ 
ity, coverts become bate of foliage and therefore the birds become 
excessive cold, deep snows, and blizzards. If birds obtain sufficient food, _ / 
can stand considerable cold and with man’s aid by feeding, they can 
many hardships. The feeding should be carried on over an extended pen 
because short intermittent feeding, although helpful, is not completely 
faaory. The feeding, to be of most value, should be planned and continu 
throughout the aitical period, which is the entire winter. 

Upland game birds. The natural winter foods of upland game birds are 
chiefly weed seeds, buds, dried fruits, and dried berries. Acorns are also ^ ’ 
ished as well as other nuts. These natural foods seldom supply the birds’ 
unless large patches of weeds are allowed to grow. But farmers consider weens 
undesirable and, therefore, destroy them before they bear fruit. 

On some farms there may be a shortage of food only, but many farms may 
be scarce of both food and cover. There are many types of shelters that ^ 
be built which will protect the birds from adverse weather as well as providiog 
a place for feeding. A shelter may be constructed of either brush or fodder- 
The best results are generally obtained from the simpler and more na^^ 
feeding stations which require little attention. (Figs. 263 and 264.) 
feeding of birds can be accomplished by leaving corn standing or shocked m 
the field. If it is possible, a small patch of barley, rye, or wheat should be lc‘* 


birds. Wio- 
5 period the 
tv and qu^' 
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Fig. 3M. Mop ot Form J-owo io Figor. 259 «(..r I. hoJ boon .n.p™..J ^ 

ood mo,U. loocod ood oogro.od, pood cooU.ool.d .o motd., .obb.d, >'"9 br 

t,«« go orohord prol^led looo, hog.; t.... pl.olod oo ^ 

ood oHolfo o«oog. locr.o^d Io oHi.t -«x). I.m.il, 9-..d; A ro^od 

bolldioj., S, „ai.t polch, C, .loodiog ooro food ^lobl D, ho, .P.p loll j ^ 

ol «,ro Uh Io Sold, F, <o.or poloh.P-lo« iP™"*. '<»9* '»“ • *'"F- 

Nooioroo. qooll eovio. oo* oo folio. (U. S. D. A. Foimoi. Bolltl.o 1719.) 


close to cover. Other grains such as milo. sorghums, buclcivheat, and kafEr ate 
relished by most upland game birds during the winter. 

Waterfowl. Although waterfowl are migratory, they are often m ne^ ot 
feed. Severe winters may reach far into the South to freeze the waters and cut 
off the natural food supply. At this time the birds arc much m need of f^ 
They welcome feed such as com, wheat, rice, barley, or oto grams. The feed 
should be scattered near the water where they normally teed. 

Waterfowl are beneEted immensely by the construCTion of artificial ponds 
and lakes. Ukes and ponds ate built by constructing dams acroa water c^F«- 
The dam should be £ated at a site which will present its being wa^ed out 
by storms and where enough water will be caught to keep the pond or lake 
full and fresh. Earthen dams ate generally the most simple and pr^cable 
type, but rock-filled and concrete dams arc usually more durable. Fo^ and 
iver are essential requirements for a good pond or lake. The waterfowls food 
consists largely of nlers. stems, leaves of water plants. *oots and aee^ 
grains and graLes, and fmits of trees and shrubs. Water plana are peered by 
seseral factors, including (I) quality of the soil. < 2 ) climat.c condit.on, a^ 
(3) condition of water. The turbidiry and level of water should be controUed 
as much as possible by retracing, proper rotation of crops, and by construction 
of spillways. 
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Appendix 


Agricultural Colleges and Experiment Stations in the 
United States and Canada 

Agricultural colleges and experiment stations offer publications covering 
many agricultural subjects, including poultry. A list of the available bulletins, 
circulars, leaflets, etc., and information regarding them may be obtained from 
the institutions. Except where otherwise noted, the state experiment stations 
in the United States are at the colleges of agriculture. 


UNITED STATES 


Alabama 

Auburn 

&(issouri 

Columbia 
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College 

Montana 
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Arizona 
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Nebraska 

Lincoln 
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College and 
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United States 
Department of 
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Washington, 

D.C 
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CANADA 
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lege 
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British Columbia 
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Ottawa 
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ABSTRACT JOURNALS 

Hundreds of scientific publications which contain agricultural inlormatioft 
including poultry, are published annually. The data from the ^ 

articles are summarized in brief abstracts and published in special a s 
journals. Some of these ate as follows: 

Biological Abstracts. Philadelphia, Pa. 

Qiemlcal Abstracts. Columbus, O. 

International Review of Poultry Sdeoce. Rotterdam, Holland. 

Poultry Digest. Hanover, Pa. 

SaENTIFIC JOURNALS 

Many scientific jouroais regularly or frequently contain articles includiPS 
poultry data. Some of these journab are as follows; 

American Journal of Anatomy. Philadelphia, Pa. 

American Journal of Cancer. Baldmore, Md. 

American Journal of Hygiene. Baltimore, Md. 

American Naturalist, New York Oty. 

Anatomical Record. Philadelphia, Pa. 

Biochemical Journal. London, England. 

Biological Bulletin. Woods Hole, Mass. 

Canadian Journal of Research. Onawa, Canada. 

Cornell VetetinaxiatL I thaca , N. Y, 

Endocrinology. Los Angeles, CaL 
Gtaeticr, Brooklyn, N. Y. 

Hilgardia. Berkeley, Cal. 

Journal of Agricultural Research. Washington, D. C 
Journal of Agricultural Science. London, En glanf^ 

Journal of the American Veterinary Mescal Association, Chicago, Ill- 
Journal of Baaeriology. Baltimote, Md. 

Journal of Biological Chemistry, ^timore, Md. 

Journal of Comparative Pathology and Therapeutics. London, England. 
Journal of Economic Entomology. Geneva, N. Y. 
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Journal ot Experimental Biology. London, England. 

Journal of Experimental Medicine. BJntnorc, Md. 

Journal of Experimental Zoology. Philadel^i^ Pa. 

Journal of General Physiology. Baltimore. Md. 

Journal of Helminthology. London, England. 

Journal of Heredity. Washington, D. C 
Journal of Infectious Diseases. Chicago, III. 

Journal of Morphology and Physiology. Boston. Mass. 

Journal of Nutrition. Philadelphia, Pa. 

Journal of Parasitology. Utbana, 111 . 

Physiological Reviews. Baltimore, Md. . ,ii 

Poultry Processing and Matkeung. Mount Mortis, ill. 

Poultry Science. Quelph, Ontario. 

Science. New York Gty, 

Scientific Agriculture. Ottawa, Canada. 

Veterinary Medicine. Chicago, III. 

POPULAR POULTRY JOURNALS 

Many popular poultry journals and farm papers contain practical poultry 
informLion Some of the poultry journals are as foUows. 


American Poultry Journal. Chicago, lU. 
anadian Poultry Review, Toronto, Ontario. 
Eggsaminer. Pordand, Ore. 

Everybody’s Poultry Magazine. Hanover, t'a. 
Hatchery and Feed. Mt. Morris, III- 
Hatchery Tribune. Mount Morris, III. 
Modern Poultry Keeping, London, Eng. 
Nulaid News. San Francisco, Cal. 

Pacific Poultryman. Palo AUo, Col. 

Poultry Industry. Boston, Mass. 

Poultry Item. Sellersville, Pa. 

Poultry Supply Dealer. Chicago, III. 

Poultry Tribune. Mount Morris, III. 

Turkey World. Mount Morris, IH- 
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Table I 


COMPOSITION OF POULTRY PRODUCTS AND FEEDSTUFFS * 


W*T» 

(Moia- 

tuie) 

Ash 

Oklia* 

EXAlal 

Cause 

PaoTEia 

CaasoarpajiTEa 


Crude 

Fiber 

Nitrogto- 

Free 

Extract 

Enta 

CxTaacT 

Per Ctut 

Per Cent 

Per Cert 

Per Cent 

Per Cent 

Ptr Cent 

65.9 

10.0 

12.8 



10.6 

78.8 

1.9 

15.3 



4.1 

65.8 

3.9 

23.2 



5.6 

55-8 

10.0 

12.8 



10.6 

10.4 

2.9 

11.8 

5.9 

66.9 

2.1 

10.) 

2.6 

8.7 

5.7 

71.0 

1.9 

13.4 

3.6 

22.7 

5.8 

53.0 

1.5 

9.1 

4.5 

22.7 

4.5 

58.0 

1.2 

33.8 

1.5 

7.9 

.7 

55.4 

.7 

7-0 

3.7 

26.2 

14.7 

41.8 

6.6 

11.6 

3.1 

10.5 

8.3 

63.0 

3.5 

11.9 

1.8 

10. 1 

10.4 

63.5 

2.3 

11.4 

4.7 

28.6 

6.0 

42.2 

7.1 

9.3 

6.1 

20.5 

11.1 

44.7 

8.3 

11.9 

1.3 

9.3 

2.1 

71.2 

4.2 

11.0 

1.7 

11.0 

1.8 

68.8 

5.7 

9.9 

2.3 

9.9 

9.6 

61.6 

6.7 

iU 

S 

8.8 

1.1 

75.5 

2.5 

9.7 

6.1 

25.9 

7.2 

48.5 

2.6 

8.9 

1.5 

43.0 

2.6 

42.1 

1.9 

7.S 

5.8 

41.8 

11.4 

27.1 

6.4 

11.1 

3.5 

23.5 

4.1 

56.3 

1.5 

7.0 

2.3 

31.2 

II.S 

37.5 

10.5 

10.0 

2.0 

10.2 

1.7 

72.6 

3.5 


1.6 

13.2 

l.S 

70.2 

3.0 


3.3 

23.3 

5.9 

57.0 

1.2 


4.4 

22.3 

7.1 

23.1 

32.8 

11.8 

3.0 

25.6 

4.4 

53 6 

1.6 

7.6 

S.9 

22.9 

18.6 

18.4 

26.6 

7.3 

7.8 

31.7 

23.9 

25.3 

4.0 


.7 

7.4 

.6 

77.6 

1.9 


2.9 

11.0 

5.1 

6S.S 

6.7 


1.6 

11.5 

2.0 

70.1 

3.1 

9.4 

5.8 

35.3 

8.5 

3S.0 

6.0 


5.9 

26.0 

13.0 

45.7 

1.5 


3.4 

11.6 

8.7 


3.6 


2.0 

11.0 

2.2 

70.9 

2.9 


3.4 

11.2 

11.3 

59.5 

4.5 

8.0 

2.2 

16.2 

2.1 


6.7 


2.8 

24.8 

17.8 

14.0 

34.6 


2.3 

30.4 

2.7 

11.6 

47.6 

6.9 

56 

45.7 

9.2 


8.6 


4.7 

7.9 

8.8 

£6.3 

2.0 


FEtssTum 


Poultry FroduciJ 

Ncw-jaJd egg, eotire 

Chick, at hatching time 

Broiler, entire bird 

Leghorn hen, entire fowl 

GtairLJ and Seedj 

Bariey 

Barley (Pacific Coast States) 

Beans, navy 

Beans, pinto.. 

Bread 

Brewers’ grains, dried 

Broomcorn 

Buckwheat 

Buckwheat middlings 

Coconut meal (old process) 

Com 

Com, Argentine 

Com, bran 

Com meal 

Com>gluten feed 

Com'gluten meal 

Cottonseed meal (41% protein). 

Cowpeai 

Distillers’ grains (com) . . 

Durra 

Feteiita 

Field peas 

Flaxseed 

Garden peas 

Hempseed 

Hempsecd meal 

Hominy (pearled) 

Hominy feed 

Kafir 

Linseed meal (old process). 

Malt sprouts ... ... 

^fillet (proso) 

Milo 

OaU 

Oatmeal, or rolled oats ... 
Peanuts (hulls on) 

Peanut kernels 

Peanut meal (no hulls) ' (old 

process) 

Rice (whole) 


‘Mostly from U. S. D. A. Yearlwok of Agnculnice, 1939. 
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COMPOSITION OF POOLTKY PRODUO TS AND FEEDSTUFFS (cont’d.) 
CxEBOBTOfcATES 

. — Fat. 0» 

Watxb as® Csude Kitrogen- Ctbeb 

FEEDSTt-rrs Peotek Grade Ym Eeteact 

TVEE) EEEXEi Extrict 


Ptr Cent 

Rice (polished) 

10.7 

Soybeans 

Sunflower seed “ 

Sunflower seeds (hulled) 

Velvetbeans 

W-hcatbran J?* 

Wheat flour 

Wheat-flour middlings "• 

Wheat-germ meal • I 

Wheat middlings (standard)... ll- 


Per Gear ‘ Cent Per Ctnt 

.5 7.S .4 
10.9 13.0 12.S 
2.0 11.5 2.1 


Ftfdt 0 / Animal Origin 

Beef scrap 

Bone meal, steamed 

Bone meal, special steamed 

Buttermilk 

Buttermilk, condensed 

Buttermilk, dried 

Crab meal 

Fish meal (average of uniden- 
tified fish meals) I 

Fish meal, herring 

Fish meal, menhaden 

Fish meal, whitefish (high ash) . . . 
Fish meal, whitefish (low ash) . . . 

Fish meal, sardine 

Fish meal, tuna 

Liver meal, Argentine 

Meat scrap (SS% protein) 

Mcat-and-bone scrap (50% pro- 

• lein) 

Pork liver, dried 

Pork cracklings 

Shrimp meal (or bran) 

Skim milk 

Skim milk, dried 

Tankage (60% protein) 

Whey 

'Vhey, dried 


10.7 

2.0 

8.8 

4.8 

9.1 

5.6 

10.0 

1.8 

7.4 

3.4 

5.0 

3.8 

10.0 

3.0 

11.0 

1.8 

10.2 

S.9 

12.9 

.4 

10.5 

3.5 

8.7 

4.6 

11.1 

4.1 

10.2 

2.7 

10.3 

4.1 

6.5 

21.5 

3.1 

73.8 

3.1 

85.1 

90.8 

.8 

71.6 

3i 

7.1 

10.1 

8.1 

40.1 

8.0 

19.7 

9.1 

12.1 

8.0 

20.4 

7.8 

26.0 

12.1 

17.6 

8.0 

15.0 

5.0 

20.2 

5.0 

5.0 

6.7 

24.2 

6.0 

29.: 


Green Feeds, eU, 

Alfalfa, fresh 

Alfalfa-Jcif meal 


16.0 28.6 

28.0 6.0 

24.8 6.2 

12.4 2.4 

15.6 9.0 

10.7 A 

17.0 5.1 

28.9 2.7 

16.9 6.6 


2!3 56.4 

33.9 42.0 

.7 3.5 

7.9 35.0 


4 6 7.5 10.7 

;a4 17.1 40:1 
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Table 2 

MIKERAL ELEMENTS IN POULTRY FEEDSTUFFS AND POULTRY PRODUCTS * 























Liraatoae, high 
CAlciua . . 
Ofttcr ihell, washed 
Manganous sulphate, 

ach)drous 

hlacganous sulphate, 
teuahydrale 























Table 3 

VlTAillN CONTENT OF POULTRY FEEDSTUFFS (PER POUNd) * 
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Crains ard Setis 

Barley 

Buckwheat 

Corn, whole or cracked. . 

Com, ground 

Com meal 


cracked 

Cora, Argentine, ground... 

Cottonseed meal 

Cowpeas 

Feteriu 

Field peas 

Garden peas 

Kafir 

Millet 

MUo 

Mixed feed, laying mash. . 



Oatmeal, or rolled oats. . . 

Rice, whole 

Rice bran 

Rye 

So)beans 

Soybean meal 

Shallu 

WTieat 

Wheat bran 

Wheat middlings . 
WTieal shoru 


Beef scrap 
Buttermilk, dried 
Fish meal 

Meat scrap and meat-and 
meal 

Skim milk, dried 
Tankage 

Crttn Freds, eit. 
AHalfa*leaf meal 
MfaUa meal 
Beet pulp, dried 
Poutoes 
Closer hay 


i OrEaoic 

1 Xlatur 

'rude 

Crude ^ 
Fiber 

'HF 

Fat. or T 

Elter p>g 
£auait Nu 

1 Ptr Cm 

ttCm 

»rrC<«i 

Per Cent 


76 

75 

7 

83 

62 


59 

8 

85 



76 

12 

90 

86 

88 

79 

6 

92 


87 

74 

7 

90 



84 

16 

91 

81 


83 

13 

91 

91 


76 

12 

86 


1 75 

55 

12 

87 

89 


88 

33 

91 

81 

74 

76 

12 

SO 

so 

8) 

£8 

10 

86 

86 

SO 

84 

19 

93 

SO 

78 

76 

17 

87 

78 

89 

83 

31 

92 

78 

85 

85 

44 

88 

92 

66 

74 

12 

74 

84 

87 

79 

14 

91 

92 

74 

75 

5 

84 

72 

52 

60 

3 

52 

87 

79 

68 

8 

84 

27 

79 

74 

20 

93 

86 

77 

83 

2 

82 

82 

90 

78 

39 

94 

85 

82 

75 

8 

87 

50 

46 

66 

9 

47 

42 

54 

65 

8 


54 

68 

69 

13 

71 

85 

90 

92 



94 

81 

82 


81 

78 

90 

91 



94 

87 

90 



93 

87 

90 


85 

95 

85 

83 



96 

30 

99 

4 



29 

64 

2 

34 

ii 

17 

37 

0 

19 

0 

75 

47 

6 

84 


23 

71 

10 

14 

36 


« U. S. D A. Yearbook of Agriculture, p. 842. 19)9 
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APPROXIMATE CONVERSION EQUIVALENTS EOR EOGS AND ECO PRODUCTS II 
U eqttivaleat to — 

10.2 United States eggs in shell 
3.6 lbs. liquid whole egg 
2.2S lbs. liquid yolk 
7.3 lbs. liquid albumen 
.55 lbs. liquid white and .45 lbs. liquid 

.25 lbs. dried white and .75 lbs. dried 
yolk 

®Tarifl Informadon Surveys, Gll. U. S. i 
zwe. 46: 301. 1940. 


1 pound of — 

Frozen or liquid egg 
Dried whole egg 
Dried yolk 
Dried albumen 
Liquid whole egg 

Dried whole egg 


Tabu 6 

we, pfrcentace live weight and 
poultry: edible weight kinds and CLASSES • 

DRESSED WEIGHT ^ 


Kind of 0*M 

Unfauened broilers. 
Fattened broilers. . . 
Unfattcncd roasters 
Fattened roasters... 
Fattened capons. . . 

Fattened hens 

Squab guineas. .... 
Squab pigeons. 
Ducks. 

Geese. 

Turkeys 

*Egg jnJ Poulny 


Dtwsed W«>«kt 
ioT<f®»?* 

8S.3% 
90.81 
88.9 
91.7 
91.97 
92.03 
82.52 
82. 



Edibb Wtijhi 
IS Ternt* of 
Dt wteJ Weight 

54.27% 
C0.73 
56 86 

63.07 
67.46 
64 22 
60.25 
73.94 
CO 17 

65.07 
66.53 


EJible Weight 
in Termi of 
ijve Weight 

47.92% 

SS.IS 

50.55 

57.84 

62.05 

59.09 

49.72 

60.66 


^6;30l. 1940. 


Tabu 7 


AVERAGE WEIGHTS OF PARTS OF CARCASS OF WHITE PLYWOUTII ROCK 
COCKERELS AND PULLETS KILLED AT DIFFERENT WEIGHTS, 
EXPRESSED IN PERCENTAGE OF THE EMPTA’ WEIGHT ^ 



Klstes 

Fftnsics 

Males 

Femsles 

Males 

Femslel 

Approxipiaie slaughter 
wesgftc 

2 

2 

4 

4 

6 

5 

Age in days 

103 

73 

169 

189 

250 

219 

Percentage “fiil” 

26 

4.3 

3.4 

26 

2.9 


Empty weight in grams.. . . 

967 

915 

1725 

1787 

2509 


Offal 






7.5% 

Feathers 

L87, 


7.8% 

8.5% 

8.1% 

Blood 

.1.8 

i.7 

4.2 

3.3 

4.2 

3.5 

Head 

3.4 

3.1 

3.1 

2.7 

2.8 

2.4 

Shanks and feet 

5.8 

5.0 

5.5 

3.7 

4.5 

3.6 

Total offal 

18.7 

19.0 

20G 

18.2 

19.7 

16.9 

Viscera 






.45 

Heart 

.48 

.49 

.42 

.48 

.45 

Liver 

2.3 

2.5 

2.1 

1.7 

2.0 

1.9 

Kidneys 

.04 

.68 

.3 

.55 

.52 

.62 

Pancreas 

.3 

.31 

.2! 

.24 

.IS 

.22 

Spleen 

.2 

.26 

.17 

.18 

.16 

.21 

Lungs 

.43 

.46 

.53 

.45 

AS 

.40 

Testicles 

.03 


.09 


.26 


Digestive tract 

H.9 

114 

8.6 

9.4 

7.9 

8.6 

Total viscera 

16 2 

16.1 

12.6 

12.9 

12.0 

12.4 

Dressed carcass 







Skin 

73 

80 

7.4 

9.2 

7.6 

10.0 

Neck 

39 

3.8 

3.7 

2.9 

3A 

2.7 

Legs above hock. . 

202 

18.3 

22.1 

19.3 

22.2 

19.0 

Wings 

64 

6.2 

66 

5.4 

5.9 

5.4 

Torso 

220 

24 0 

24 6 

29.3 

264 

30.2 

Total dressed carcass 

599 

60.3 

61.3 

66.1 

65.6 

67.3 

total bone m dressed carcass 

19.1 

17.6 

19.1 

13.0 

16.7 

14.7 

Total fiesh and fat in dressed 






carcass 

33 4 

340 

36.0 

41.0 

40.2 

41.8 

TofaJ &csh, fat, and edible 






viscera 

407 

41.9 

42.0 

47.0 

45.9 

47.6 


^III. Agr. ExpL Su. Bui. 278, 1926, and Egg and Potdtry Magasine, •^6: 303. 19'10- 
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Table 8 


PROXIMATE COMPOSITION OF EGGS, CHICKENS, DUCKS, GEESE AND 
TURKEYS * 





Water 

Protein 

Fal 

mm 

Pft C/Hl 

Ptr Cr»l 




Chicken eggs 





Total edible 

74.0 

12.8 

11.3 


as purchased 11 

65.9 

11.4 

10.2 


White only 

87.8 

B9 

HI 


Yolks only 

49.4 

16.3 

31.9 

1.7 

Duck eggs 





Total edible 

iwim 

13.1 

14.3 

1.0 

as purchased 11 


11.7 

12.7 

.9 

Goose eggs 





Total edible 

KSB 

13.9 

13.3 

i.i 

as purchased Id 

61.2 

12.1 

11.6 

1.0 

Turkey eggs 

72.6 



.8 

Toul edible 

13.1 

11.8 

as purchased 12 

63.9 

H.5 

10.4 

.7 

Small broilers ihs.) 

74.9 1 



1.4 

Total edible 

216 1 

2.7 

as purchased 
(live) 58 

31.5 

9.1 1 

1.1 1 

.6 

as purchased 
(dressed) 52 

360 


1.3 

.7 

as purchased 
(drawn) 32 

S0.9 

14.7 

1.8 

1.0 

Broiltrs (1H-2H 



7.2 

1.1 


i '1-2 

20 2 

as purchased 
(live) 51 

1 

9.9 

35 

.5 

as purchased 
(dressed) 45 

59.2 

11.1 

40 

.6 

as purchased 
(drawn) 25 

53.4 

15.> 

5.4 

.8 


74 0 

:ro6 

44 

1.1 


73 7 

19 2 

4 5 

1.3 


<.7 6 





20 0 

no 

10 

as purchased 
(live) 47 

3'S 

10 6 

5.8 

.5 

as purchased 
(dressed) 40 

406 

HI 

66 

.6 

as purchased 
(drawn) 22 

52 7 

156 ' 

8.6 

S 


*rnximiJe Comrow-ion o/ JnfricJtt F 0 OJ liarmJt. 17. S. D. A. Qrt. 5^9, 19W, iaJ 
Egg oitj rotJtry Sisgizinr, ^ 7 : 3 ^ 0 . 194 |. 
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PROXIMATE COMPOSITION OF EGGS, CHICKENS, DUCKS, 
GEESE AND TURKEYS (cont’d.) 





Courosmos or Edible Poitios 

Poultry P»oovct 

Akaltsis 


W»ter 

Protein 

Fai 

Ath 




Per Cent 

Per Cent 

Pet Cent 

Pet Cent 

. 1 



68.8 

21.4 

8.2 


Goose (domesticated) 

51.1 

16.4 

31.S 

.9 


as purchased 
(dressed) 

41 

50.1 

9.7 

18.6 

.5 


as purchased 
(drawn) 

10 

46.0 

14.S 

28.4 

.8 




49.7 

15.9 

33.6 

.9 


68.3 

22.3 










Turkeys (medium fat) 



S8 3 

20 1 

20.2 

1.0 


as purchased 
(live) 

39 

3S.6 

12.3 

12.3 

.6 


as purchased 
(dressed) 

33 

39.1 

. 13.5 

13 5 

.7 

1 


. as purchased 
(drawn) 

19 

47.2 

16.3 

.6. 

.8 




63.0 

22.8 

130 

1.1 

. .... 

68.6 

24 0 

6 7 



69.2 

24.5 




680 

23 2 



Turkeys (fat birds) 

SO 7 

18 4 

29 3 

.9 

Turkcj-s (thin, young birds) 

69.9 

20 6 

78 

I.l 

Gizurd 

71 1 

23.1 

38 

1.1 

p, 

73 3 




* ... 

73 0 



W 



666 


ii>o 


Heart 

69 6 

20 5 

70 

1.3 



16 2 











liver 



69.6 

22 1 

4.0 

1.7 

p 

66.9 

165 




70.9 
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Abdomen, 93 

Acidity of intestinal tract, 257 
Advertising 
chicks, 172 
eggs, 427 
poultry meat, 469 
Age 

of breeding stock, 103, 104, 107 
decline in production with, 114 
at sexual maturity, 110 
Agricultural colleges and experiment 
tions, 623 
Air 

cell, 406 

requirements, 213 
sacs, 57 
Albumen 
quality, 407 
seaetion, 69 
Alfalfa, 298 
meal, 299 

Alimentary traa, 53 
Allantois, 133 
All-mash feeding, 309 
American 

breeds and class, 24 
Poultry Association, 23 
Standard of Perfection, 23 
Amids, 250 
Amino acids 
essential, 250 
meubolism of, 248 


Amnion, 133 

Amylase, 25S 

Ancona. 30 

Andalusian, Blue, 30 

Androstetone, 65 

Animal protein feedstuns, 2oy 

Antibiotics, 257 

Anus, 55 


Appliances 

feeding. 192, 234, 235 
lighting. 236 
poultry house, 230 
catering. 192, 234, 235 


su* 


Approved breeding stage, ll6 

Araucana, 36 

Arteries, 58 

Ascorbic add, 254 

Ash, 250 

Asiatic breeds and dass, 32 
Aspergillosis, 367 
Australorp, 36 
Automatic feeders. 235 
Axial feather, 98 


Bacillary white diarrhea, 368 
Bacteria, 332 
and disease, 368 
and egg quality, 408 
Baaerial diseases, 368 
Baaerio, 332 
Banding chicks. 123 
Bantams. 56 
Batbicsls, 48 
Barbs. 48. 49 
Batbulcs, 48. 49 
Bare backs, 108 
Barley. 287 

Barr^ Plymouth Rock, 24 
Barring, inheritance of, 80 
Basal heat production, 26l 
Batteries 

for chicks, 198 
for fattening, 448 
for laying, 240 
Beak, 53 
necrosis, 391 
pigmentation, 93 
Decu. 302 
Bile. 55 
Biological 

analysts of feeds. 264 
value of feeds, 264 
Blackhead. 366. 563 
Blastoderm, 70, 78 
Bleeding 

market poultry, 451 
for pullorum-toi. 370 

641 
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Brooding — (Continued) 
turkeys, 539 
troubles, 193 
■wild turkeys. 610 
Broody coop, 237 

Broody hens, management of, 111 

Buckwheat, 288 

Built-up litter, 239, 366 

Bumblefoot, 391 

Buttercup, 30 

Buttermilk, 291 

By-products, 7, 293 

Cabbage, 302 
Cafeteria feeding, 306 
Calcium 

assimilation, 254, 260 
carbonate, 295 
metabolism, 258, 264 
requirements 

for egg production, 275 
for growth, 274 
sources, 295 

Calcium-phosphorus ratio, 274 
Calorie, 261 
Campioe, 35 

Canadian agricultural colleges and expert- 
meot stations. 624 
Cannibalism, 192, 390 
Capillaria worms, 360 
Caponizing, 202 
chemical. 205 
Capons. 201, 438 
feeding, 317 
marketing, 204 
Carbohydrates, 247 
absorption, 248 
" digestion, 258 

metabolism, 136, 248 
sources. 246 
uses, 246 

Carbon dioxide, 248 
elimination by hens, 263 
in incubation, 154 
Carbon monoxide poisoning. 180 
Carcinomas {see Tumors) 

Carotene and vitamin A, 252 
Carrots, 301 

Catching equipment, 236 
for ducks, 577 
for turkeys, 557 
Ccca, 55 

Cecal worms, 359 
Cells. 75 

dlffcremiatioo, 76 


Cel l* — ( Co ntinued ) 
division, 76 

reproduaive or gamete, 76 
Cellulose. 247 
Cereal grains, 283 
Cerebellum, 63 
Cerebral hemispheres, 63 
Certihed breeding stage, 116 
Chalaza, 70 
Chantecler, 29 
Charaaers, 75 
dominant, 82, 85 
inheritance of, 81 
recessive, 82, 85 
transmission, 78 
Charcoal, 302 
Chart of breeds, 626 
Chemial disinfeaants, 336 
Chicken mites, 352 
Chicken pox, 379 
Chicken production, 11 
Chicken soup, 7 
Chickens 
anatomy of, 46 
breeds of, 21 
classifiotion of, 24 
costs in marketing, 442 
defects in, 43 
disqualifiations of, 42 
distribution of, 10 
domestication of. 21 
dressed grades of. 456 
grading live. 441 
gross income from, 3 
market classes. 438 
origin of, 21 
relative value of, 14 
structure of, 46 
reroperamre of, 46 
Chicks 


banding. 123 
battery brooding. 196 
brooding with hens. 178 
business of hatching, 163 
confmcmcni brooding of, 186 
cost of production, 500 
culling, 170 
dubbing. 390 
effects of chilling, ISO 
effeas of overheating. ISO 
embr )0 development of. 129 
feed consumption by. 271. 313 
floor space required by. 131 
growing healthy, 193 
growth of, 267 
nutketing. 172 
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In/iex 


Chicks — {Continued) 
mortality of, 331 
position at hatching lime, 135 
principles and practices in rearing, 
selling, 172, 499 
sexing, 169 
shipping, 171 
surplus, 169 

cemperarure in brooding, 180 
when to hatch, 188 
Chiggers, 354 
Chilling, efleos of 
on chicks, 180 
on hatching eggs, 143 
Chinese Incubators, 157 
Chlorine, 251 
Cholera, fowl, 373 
Cholesterol, 249 
Chorion, 131 
Chromosomes, 78 
charaaers in, 78 
in fertilization, 79 
Chronic respiratory diseases, 333 
Ouckar partridge, 512 
Circulation 
of Uood, 58 
of lymph, 59 
Circulatory system, 57 
Clam shells, 296 
Classes of Sickens 
American, 24 
Asiatic, 32 
English, 30 
Mediterranean, 29 
other standard, 34 
Classification 
of breeds, 24 
of dressed poultry, 456 
of feedstufis, 283 
of incubators, 158 
of live poultry, 438 
of market eggs, 421, 422 
of poultry houses, 216 
Cleaning 

eggs, 148, 413 
equipment, 237 
houses, 239 
Cloaca, 55 

Cloadtis {see Vent gleet) 

Closed flock breeding, 101 
Clover hay, 298 
Clutch, 110 
Cocci, 333 

Oxcidia, species of. 366 
Coccidiosis. 364 
Cochin, 34 


Cockerels 
as breeders, 103 
growth of, 272 
vigor of, 90 
Cock-fighting, 21 
Cocks 

as breeders, 103 
market classification of, 438 
Coconut meal, 628 
CoJ-Uver oil, 299 
Coe/fidents of digestion, 265 
Cold-storage, 415 
costs, 416 
of eggs, 415 
holding eggs in, 416 
holding poultry in, 463 
of poultry, 463 
Colds. 377 

Colleges of agiiculcute, 623 
Colony brooders, 182 
Colony houses, 216 
Color markings, 25, 48 
Comb. 46 

changes with produaion, 92 
defects, 43 
development. 65 
dubbing, 390 
frozen, 390 

influence of gonads on, 65 
rose, inheritance of, 82 
types, illustrated, 26 
Ciwiroercial farms, 478 
Commercial flocks, 12 
Condensed buttermilk, 291 
Confinement 

of chicks. 186. 187, 196 
of layers, 240 
Constipation, 350 
Consumer 

education, 469 
preference 
for eggs, 426 
for turkeys, 511 
Consumption 
of eggs. 4, 406 
of poultry meat, 4, 469 
problems. 15 
Containers 
for eggs, 422 
foe poultry, 460 
Cooking 
eggi, 407 
poultry, 467 
Cooling 

dressed poultry, 463, 559 
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Cooling — {Continued) 

eggs dining incubating, 150 
market eggs, 411 

Cooperative marketing of eggs, 402 
Coops, broody, 237 
Copper in nutrition, 251 
Copulatory organ, 61 
Corn, 283 
feed meal, 285 
gluten meal, 294 
grades, 284 
hominy meal, 285 
Cornish, 30 
Coryza, 377 
Costs 

of broiler production, 492 
of chick production, 499 
of egg production, 487 
of marketing Ihe poultry, 442 
of pullet production, 489 
of turkey production, 560 
Cottonseed meal. 294 
Covey, 592 
Oacklings, 293 
Cramming, 447 
Crazy chick disease, 347 
Creeper genes, 80 
Cresol, 336 
Oevecoeur, 34 
Crooked keel, 348, 515 
Crop, 53 
impaaed, 348 
pendulous, 513 
sour, 350 

Oossbreeding, 100 

Oosscs for sex identification, 80 

Oossing over of genes, 86 

Crowding, ill effects of. 181, 212 

Cryptoxanthin, 252 

Culling. 93 

Current receipts, 422 

Custom hatching, 170 

Cystine, 250 

Death losses 

among chicks, 331 
in lading flcxks, 331 
Dcfcas, 43 
Deformed beak, 42 
Delaware, 36 

Dermatitis in chicks, 346 
Diarrhea in chicks. ISO. 368 
Diet {see Feeding and Rations) 
Dicthybiilbcstrol, 65 
Digestibility 

coeffidents of, 265 


Digestibility — {Continued) 
determination of, 265 
faaors affecting, 266 
of feeds, 265 
Digestion, 257 

of carbohydrates, 258 
enzymes and, 258 
of fats, 258 
of fiber, 258 
of minerals, 258 
rate of, 258 
vitamins in, 258 
Digestive system or traa, 53 
passage of feed through, 258 
Disease. 331 ^ 

breeding for resistance to, 106, ^54 
carriers of. 334 
causes of, 332 
deficiency rations and, 343 
diagnosis of 
by autopsy, 341 
by symptoms. 340 
dissemination of. 333 
prevention of, 334 
terminology, 532 
Dbeases 

associated with egg producuon, 387 
baaerial, 368 
deficiency, 343 
fungus, 367 
miscellaneous. 589 
nutritional, 343 
parasitic. 350, 356 
protozoan. 364 
virus. 379 
Disinfectants, 336 
Disinfection. 336 
Disqualifications 
in chicks, 170 
in standard breeds, 42 
Distillers' dried grams. 294 
Dominant chaxaaers, 84 
Dominique, 29 
Dorking. 32 
Drafts. 213 
Dressing 

chickens, 451 
dudes, 578 
equipment, 454, 457 
geese. 531 
plant, 450 
turkeys. 558 
Dried milk. 291 
Dried whey. 500 
Dropping boards, 230 
Dropping pits, 250 
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Droppings 

amount exacted, 263 
composition of, 263 
Dry picking, 454 
Drying eggs, 417 
Dryness 

in poultry house, 214 
under hovers, 180 
ventilation and, 213 
Dubbing of combs, 390 
Ducks, 569 
breeding, 572 
breeds of, 569 
brooding, 573 
feeding, 575 
housing, 573 
marketing, 577 
Ductless glands, 64 
Duodenum, 55 

Ear, 64 
Eat lobes, 27 

color of, by breeds, 626 
pigmentation in, 93 
Economics 

of broiler production, 492 
of egg prt^uction, 487 
of incu^tion, 499 
of marketing live poultry, 442 
of pullet produaion, 489 
Ectoderm, 130 
Edema of the vattles, 391 
Egg 

composition of, 5, 410 
fertilization, 79 
formation, 68 
fresh 

broken-out appearance, 407 
candling appearance, 406 
jrnrcTure; 70 
Egg bound. 389 
Egg cartons, 474 
Egg cleaning, 413 
Egg-feed price ratio, 526 
Egg laying contest, 38 
Egg-markettng methods, 424 
Egg prices, 425 
Egg produaioo, 11. 17 
annual decline m, 114 
body changes and, 92 
btc^iog for, 109 
capiul imestment in. 487 
ecooomia of, -187 
edeas of bfoodiness on, 1 1 1 
effects of lights on, 237 
energy tequudnenu for, 275 


Egg produaion — {^Continued) 
estimating, 93 
feed consumption and, 323 
feed cost and, 487 
geographical distribution of, 13 
and hatchability, 104 
head charaaeristics and, 93 
inheritance of, 109 
and labor income, 477 
mineral requirements for, 275 
molt in relation ro, 95 
persistence of , 1 1 1 
pigmentation in relation to, 94 
progeny testing for, 98 
protein requirements for, 275 
rations for, 317 
seasonal distribution of, 401 
selecting on basis of, 96 
sexual mamrity and, 110 
time of hatching and, 188 
vitamin requirements for, 276 
Egg quality, 406 
changes in, 411 
chemical evidence of. 408 
cottonseed meal and, 410 
deterioration, 411 
flavor of eggs, 410 
frequent marketing and, 415 
and hatchability, 140 
humidity and, 412 

hydrogen ion concentration and, 408 
ioberiuore of interior, Il4, 408 
liquefaction and, 407 
maintenance of, 411 
measure of, 407 

and methods of marketing. 415 
producer control of, 409 
rapid cooling and, 411 
thick uhite and, 408 
vitamin A and, 322, 4I0 
viumia D and, 322, 410 
Egg shape 

affeaed by isthmus, 70 
tnheiiuDce of, 114 
Egg size, 114 

factors influencing, 114 
and hatchability. 105 
inheriUDce of. 103 
Egg. time required to form, 63 
Egg weight, 114 

loss during incubation, 152 
and position in clutch, 114 
Egg white, 70 
composition of, 628 
dried, 417 
frozen, 417 
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Egg v/hk^— {Continued) 
liquid, 69 
piok, 410 
thick, 69 
thin, 70 
Egg yolk, 68 
absorption of, 131 
dried, 417 
formation of, 68 
froaeu, 417 

mineral content of, 628 
vitamins in, 322 
Eggs 

abnormal, 70 
blood spots in, 71 
candling, 406 
car for shipping, 424 
Care of, on the farm, 411 
cold storage of, 415 
Consumer preference for, 426 
containers for marketing, 422 
cooling market, 411 
cooperative marketing of, 426 
current receipts of, 422 
deterioration of quality in, 41 1 
direct sale to consumers, 425 
dirty, washing and preventing, 4l3 
double yolk, 70 
dried, 417 

edea of feeds on, 321, 410 
cffca of high temperature on, 4U 
exports of, 428 
external appearance, 421 
feed cost of producing, 487 
flavor of, 407 
frozen, 4l6 
grades of, 421 
gross income from, l4 
hatching, 140 
chilling, 143 
cooling, 150 
dirt)', l4S 

holding time for, 146 
holding temperature for, 144 
incubation of. 148 
position of, 147, 155 
premium for. 165 
Selection of, 140 
size of, 1 16, 140 
turning, 155 
hcnnerj', 422 
holding temperature. 411 
hydrogen ion concentration in, 136 
iroporu of, 12, 428 
industrial uses for, 6, 430 
loose shell membranes, 421 


Eggs — {Continued) 
marketing, 424 
methods of, 424 
meat spots in, 70 
nutrients in, 3, 410 
oil-treated, 416 
piok whites in. 410 
preservation of, 415 
dipping for, 4l6 
processing of, 416 
prices of, factors aflectlng, 424 
production of, per capita, 400 
purchasing poster of, 477 
quality’ of broken-our, 407 
U. S. grades of, 421 
uses of, 8 

vitamins in, 5, 323, 410 
yolkless, 71 
Eggshell color, 70 

consumer preference for, 426 
hatchabJlity. 140 
inheritance of, 114 
Eggshells 

formation, 70 
thin, 115, 254. 321 
Egyptian incubators, 157 
Elcarocution, 451 
Embryo, 153 

calcium metabolism of, 137 
carbohydrate metabolism of, 136 
development of, 69, 129 
fat metabolism of. 157 
lethal inheritance of, 86, 106 
malfotmations, 135, 144 
malpositions. 135 
metabolism of, 136 
mineral metabolism of. 137 
mortality, causes of, 134 
normal position of. 132 
oxy'gen requiremeor of, 154 
physical changes in, 129 
position, 132 
abnormal, 135 
protein metabolism. 137 
respiration of de% eloping, 154 
sources of energy, 1 36 
"sticky” inheritance of, 86 
struaural deselopmcnt, 129 
Embryonic membranes, 133 
Embryos 

abnormal. 135. 14 i 
dead, causes of. 134 
growth of, 133 
Emdcn. 5”9 
Encephalomalacia, 348 
Endcxtine glands. 6-1 
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Energy, 260 

for egg produaion, 275 
for embryo dwlopment, 136 
for fattening, 277 
for growth, 271 
for malnietunce, 270 
English breeds and class, 30 
Enterohepautis, 366, 563 
Entoderm, 130 
Enzymes, 257 

carbohydrate-splitting, 258 
fat-spUtting, 258 
protein splitting, 258 
Epidemic tremor of chicks, 386 
Epsom salts, 339 
Equipment 

brooding, 182, 196 
feeding, 233 
lighting, 236 
for poultry bouses, 230 
watering. 235 
Ergosterol, 254 
Erythrocytes, 59 
Esophagus or gullet, 53 
Estrogens, 65, 277, 326 
Euology, 332 
European fowl pest, 386 
Eversioa of oiridua, 387 
Evisceration of chickens, 463 
EzamJnarion for disease, 339 
Exaetion. 262 
Exoskeletoo, 46 
Exports of poultry products, 12 
Exietnal parasites, 350 
Eyeworms, 361 

Farm flodts, 10 
Farms 

chickens raised on. 13 
eggs produced on, 13 
poultry, number of, ll 
Fat 

absorpuon of, 259 
formation of, 248 
m the body, 260 
in the egg. 260 
metabolism, 248 
oxidation. 248 
sources of, 249 
storage of, 260 
Fats 

digestion of. 253 

and lymphatic system, 259 

symhais of. 243 

use of, in the body. 246. 248. 287 


Fattening, 324, 444 
gains made during, 445 
rations for, 324 
requirements for, 277 
Fatty adds, 249 
Fatty livers, 259 
Favetolles, 34 
FasTis, 368 
Feather, axial, 98 
development, 47 
illustrated, 49 
structure, 49 
Feathered shanks, 32 
Feathering 
capon, 65 
codcerel. 50 

effect of hormones on, 65 
inheritance of rate of, 108 
rapid, 108 

and rate of growth. 108 
slow, 108 
Teatheis. 47 
growth of, 49 
aurketiog, 7 
pigmenutioQ of, 48 
structure of, 49 
wing, 98 
Feces, 262 

Fecundity, inheritance of, 109 
Feed 

amount consumed 

by chicks, 207. 273, 313 
by laying hens, 323 
by turkeys, 549 
analysis, value of, 263 
Q»t in egg production, 487 
fresb, 263 
grinding, 265 
palatability, 265 

passage through the intestinal tract, 258 
Feeding 

all-mash, 309 
breeding stodc, 317 
broilers, 313 
Cafeteria, 306 
chicks, 311 
ducks. 575 
equipment 233 
fattening stock, 324 
free choice, 306 
geese. 581 

gram and mash, 303 
grit. 302 
laying hens, 317 
legume hay. 298 
opier shells, 296 
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Feeding — (Continued) 
pelleu, 310 
pheasants, 608 
practices, 283 
principles, 245 
space required, 313 
turkeys, 545, 552 
wet mash, 308 

Feed-purchasing power of eggs, 477 
Feeds 

classification of, 283 
composition of, 628 
digestibility of, 257, 634 
effect of 

on egg quality, 321 
on poultry meat, 326 
energy value of, 260 
miscellaneous, 301 
moldy, 367 
palatabilicy of, 265 
poisons in, 350 
vitamins in. 297, 633 
Fertility, 102 
and age of breeders. 103 
artificial insemination and, 102 
causes of low, 103 
cessation of, 103 
factors affecting. 103 
following mating, 103 
securing good, 102 
size of matings for, 103 
Fertilization, 68, 79 
Feterita, 288 
Fiber, 247 
Fish meal, 293 
Fish oils, 299 
Flics. 350 
Flock mating. 101 
Flock size 
and profits, 480 
variation in, 10 
Floor, cement, 223 
Floor space 
for ^teks, 181 
for ducks. 573 
for laying hens, 212 
for turkcj-s, 520, 541 
Flukes. 363 
Fluotioe, 296 
Follicle ovarian. 68 
Food (ice Feeds and Rations) 
Formalin, 167 
Formulas (ice Ratioiu) 
FounJaiiom, house, 223 
Fowl 

atutomy of, 46 


Fowl — (Continued) 
ancestry of, 21 
composition of, 628 
grades of dressed, 456 
grades of live, 441 
skeleton of the, 51 
Fowl cholera, 373 
Fowl paralysis, 384 
Fowl plague, 3S6 
Fowl pox, 379 

vaccination for, 381 
Fowl tick, 355 
Fowl tubcroilosis, 375 
Fow'I typhoid, 372 

inheritance of resistance to, 106 
Fowls 

air requirements of, 213 
body temperature of, 46 
heart rate of, 58 
Free-choice feeding, 306 
Freezer burn, 466 


Freezing 

drawn poultry, 465 
dressed poultry, 463 
eggs. 416 

Freight, shipping chickens by, 43& 
Fresh eggs, 413 

appearance of. broken out. 407 
candled appearance of, 421 
Frozen combs and wattles. 390 
dubbing to avoid, 390 
Frozen-egg industry. 416 
Frozen-egg products, 416 
Fryers. 438 

grades of live, 441 
grading dressed, 456 
Fuel cost 


of incubation, 500 
Fumigation of incubaiots. 167 
Fungi. 352 
Fungus diseases, 367 


Cm. ferJ consumcJ per pound of. 272 
Gall-bladder. 55 
GaHut bjnkii a, 2 1 


Gamebirds, 590 

atirfieial piopJsnmn. 59 1. OT2. 610 
natural propagation. 59*. 60-1. oil 
Gametes, development of 


female. "0 


male. 76 


Gapcwotmi. 359 
Gastric luice. 257 
Gascrulation, 130 
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Geese, 379 
breeding. 579 
brooding, 580 
feeding, 581 
marketing, 581 
Genes, 80 

complementary, 86 
dominant, 84 
inhibiting, 84 
lethal, 86 
recessive, 84 
sex-linked, 80 
Genotype ratio, 83 
Germ ceils, 76 
Germ spot, 70 
Gizzard, 34 
erosion of, 347 
fuoaion of, 54 
Gizzard worms, 360 
Glands 

dualcss (cndoaine), 64 
lymph, 60 
parathyroid, 66 
pineal, 63 
pituitary, 66 
ptceft, 46 
thymus, 66 
thyroid, 66 
Glandular stomach. 53 
worms, 361 
Glucose, 258 
Gluten meal, 294 
Glycogen. 259 
Gonads, 61 
Goslings, 580 
Gout, 349 
Grades 

of dressed poultry, 456 
of eggs, 421 
of live poultry, 44 1 
Grams and by products, 283 
Grass, 297 

Cnt, funaioo of, 302 
Gross energy. 260 
Grouse, 6l i 

Grow healthy ch.ik program. 193 
Growth, 271 

aosibtceding cffcas on rase of, 100 

energy te<)Uiremenu for, 271 

faaors adcvting, 268 

feed consumption and, 26s 

induence of temperature on. ISO 

inheritance of, 103 

mineral requirements for. 274 

ptowin level and rate of. 275 

rates of dillerent species of poultry, 272 


Growth — f Continued) 

sex differences in rates of, 272 
vitamin requirements for, 274 
Guineas, 583 
Gtt\^ or esophagus, 33 

Hamburgs, 34 
Hard-scald pludring, 451 
Hardware doth, 194 
Hatchability 

age of parents and, 104 
breeding to increase, 103 
cross-breeding and, 105 
egg charaners and, 105 
egg production and, 104 
embryo malformations and, 135 
inbreeding and, 1 04 
inheritance of, 103 
mineral rcquiremcats for, 276 
protein requirements for, 276 
seleaiDg for, 97 
sunli^t and. 302 
viuffiin requirements for, 276 
Hatcher, separate, 159 
Hatchery 

breeding flock improvement, 115 
business, 499 
egg supply for, 165 
management, 163 
refuse, 293 
rooms, 165 
sale of chicks, 172 
surplus chicks from, l69 
Hacching 
date of, 189 
hens vs. incubators, 157 
season, 169 
seleaing eggs for, 140 
Hatching basket, 123 
Hatching eggs, 140 
chilling, 144 
cleaning, 148 
cost of, 301 

holding temperature, 144 
holding time. 146 
incubation of {see Incubation) 
position of. 147 
premium for. 167 
seleaion of, 114, 140 
shell color of, 115, 140 
size of, U5. 116 
turning, 147 

Hays, legume. 298 _ . 

Head characterisiia and production, 94 
Heart, 58 

rate of beat. 38 
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Heat 

and aitical temperature, 262 
effea on egg qualit)’, 411 
production and body temperature, 261 
Heating 

battery rooms, 198 
laying houses, 239 
Hegari, 288 
Hemoglobin, 59 
Hemorrhagic disease, 348 
Hennery eggs, 422 

Hereditary transmission, principles of, 75 
Hetcrozj’gous, 83 
Histidine, 250 
Hominy meal, 285 
Homorygous, 83 
Hormones, 64 
of ovary, 65 
of testes, 65 
Houdao, 34 
House 

artificial lights in, 236 
cleaning equipment for, 237 
construaion, 220 
dampness, 214 
dropping boards in, 230 
dropping pits in, 230 
equipment for, 230 
feed bins, 232 
floor in, 223 

floor space required in, 212 
foundations for, 223 
framework for, 224 
insulation of, 229 
location of, 215 
nests for, 231 
requirements of, 212 
roofing materials, 225 
size of, 216 
straw loft in, 229 
style of roof for, 219 
sunlight in, 215 
temperature in, 2I4 
\entilation of, 213, 238 
Viindow arrangement in, 225 
House-management, 238 
Houses 
brooder, 218 
classification of, 216 
colony, 216 
laying, 218 
multiple-story, 216 
multiple-unit, 216 
permanent. 213 
poruble. 217 

summer {tte Range, shelters) 


Housing 

equipment, 230 
pciodples and praaices, 212 
requirements, 212 

Hudesters, 439 

Humidity 

in battery rooms, 198 
in brooder houses, 181 
in egg storage rooms, 412 
in incubators, 151 
in byiog houses, 214 
relatis-e. 153 

Hybrid. 100 

Hydro^n-ion concentration in eggs, 408 

Hypophpis or pituitary, 66 


Immunity to disease infeaioo. 332 

Impaaed crop. 349 

Imports of eggs, 12. 428 

Improvement associations, 115 

Inbreeding, 99 

loaoerator, 238 

Income 

from broiler production, 492 
distribution of. from poultry. 14 
from egg production, 487 
loaossbrcd hybrids, 102 
Incubation 
artificial, 157 
carbon dioxide and. 154 
cooling eggs during. 150 

costs in. 499 

aittcal periods in. 134 

economia of. 499 

embryo development during, 130 

fuel used for, 159 

hens for. 156 

humidiiy requirements during. 
loss in weight of eggs during. 153 
natural. 156 

oxygen requirements during. O-t 
position of eggs during, 155 
practice and pnnaples, 129 
relative humidity in, 151 
requirements for, I fS 
taking off the hatch. 16» 
temperature for, 118. 159 
turning eggs during. 16^ 
^cntl^allon requirements during. 
Incubator management, 159 
Incubators. 158 
care of, 1-13 
Chinese, 157 
early. 157 
Egyptun. 157 
fumigation ot, lo/ 
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Incubitors— (Coni/nwi) 
moJein. 138 
toocQ for, 1(>4 
t)p« of, 158 
veniiUtion of, l60 
Index 

albumen, 407 
)olk, 407 

Indian runner, 571 
Indigcjtion, 349 
IndiviJualify, selection /or, 89 
Industrial uses of poultry ptoJuas, 7 
Infcaion, 332 
Infectious bronchitis, 383 
Infertile eggs, production of, 415 
Infertility, pretention of, 102 
Inflammation, 332 
Infundibulum, 62 
Ingredients (je« Feeds) 

Inheritance of 
barring, 80 
body size, lOS 
bro^iness, 85 
characters, 81 
early maturity, 85. UO 
egg characters. 114 
egg production, 109 
egg size, Il4 
hatchability, 97, 103 
intensity of produaion, 110 
inteciot egg quality, 115 
longevity, 106 
3 pair of characters, 82 
persistence of ptoduaion. Ill 
plumage color, 85 
rate of feathering, 103 
rate of growth, 103 
resistance to disease, 106 
rose comb, 82 
sex-Iiaked charaaers, 80, 85 
shank color. 85 
shank feathering, 85 
nio pairs of duraaers, 83 
viability, 106 
white pJuzaage, 85 
Insects, 334 

Insemioiuoa, artificial, 102, 518 
Insulation of houjes, 229 
International egg trade, 428 
Intestine, 53 
Intestinal worms, 556 
Iodine, 251 
Iron 

in the egg, 5 
in nutrmon, 250 


Irradiation 
of birdi, 302 
of fccdstuSs, 251 
Java. 29 

Jersey Dlack Giant, 29 
Jersey White Giant, 36 
Jobber*. 437 
Judging 

for egg produaion. 93 
egg quality, 406 
poultry meat. 460 
standard, 40 
tufkej-s, 592 
Jungle fowl, 21 
Kafir, 283 
Kale. 301 
Keel. 51 

disease of ducks, 577 
Keels, crooked, 3 IS 
Kelp. 296 

KhaU-Campbell, 570 
Kidneys, 60 
Killing poultry, 451 
Kosher killed poultry, 439 
U Flecke, 34 
Labor 
cost of 

in broiler produaion, 496 
in chick production, 500 
in egg ptoduaion, 487 
effidcncy, 486 

income, factors afleaing, 477 
Laced plumage. 25 
Laaic acid, 291 
Laaosc, 247 
Lamona, 29 
tangshan, 34 
Laryngotiacheitis, 381 
Larynx, 56 
Lawn clippings, 301 
Laxative, 359 
Layers 

amount of feed consumed by, 323 
anifiaal lights for, 236, 321 
morulity among, 331 
rations for. 318 
seleaing. 93 
Laying 

inheritance of rate of, 110 
physical charaaers related to. 93 
Laying batteries, 240 
Laying cages, 240 
Laying house (jee Houses) 

Leading poultry states, 12 
Lecithin, 249 
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Leghorn, 30 
Lesion, 332 
Lethal genes, 86 
Lettuce, 301 
Leucocytes, 59 
Leucosis, 384 

Leukemia {see Fowl paralysis) 

Uce, 350 

dipping birds for, 352 
dusting birds for, 351 
Light intensity, 215, 236 

enects on egg production, /so, s/i 
equipment, 236 
Lights 

artificial, 236, 321 
Installation of, 236 
use of, 236, 321 
Limberneck {see Botulism) 
Limestone, 295 
Linkage, 86 
sex. 80 

Linseed oil meal, 294 
Lipase, 258 
Lipoids. 249 
Litter 

compost, 239. 335 
for brooder houses, 185 
damp, 214 
Livability 

inheritance of, 106 
selecting for, 91 
Live poultry 
cars for, 437 
classes, 438 
cost of marketing, 442 
aates for, 436 
edible flesh in, 637 
killing and dressing, 451 
for the Jewish trade, 439 
marketing, 435 
trucks for, 437 
U. S. classes of, 438 
U. S. grades of, 441 
Liver, 55 
goose, 582 
Liver meal, 301 
Longcvit)', inheritance of, 106 
Lungs, 56 
Lye 

as a disinfectant, 336 
Lymph circulatory $j*stem, 59 
L>sine, 250 

Magnesium. 251 
Magnum of ovidua, 62 
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Ivlainteoance, nutritive requirements for, 
270 

Malay fowl, 21 
Males 

feeding breeding, 317 
progeny testing, 98, 113 
ratio to females, 79 
seleaing breeding, 89 
Mallard, 569 

Malpositions of the embryo, 135 
Maltose. 247 
Manganese. 251, 296 

for prevention of perosis, 349 
Manure 

amount produced by hens, 262 

anal3r$is of, 263 
shed. 238 

Market-egg terms, 422 
Market eggs {see Eggs) 

Market poultry {see Poultry) 

Marketing 
chicks, 172 

containers for eggs, 422 
dressed poultry, 449 
ducks. 577 
eggs, 399 
geese. 581 
guineas, 585 
Uve poultry, 435 
costs of. 443 
poultry by-produas, 7 
problems, 18. 399 
squabs, 584 
turkeys, 553 
Mash 

feeding, 503 
hoppers, 192, 234 
wet. 309 
Mating 

fertility after, 103 
dock. 101 
pen, 1 01 
stud. 102 
Maturity 
early, HO 
inheritance of, 85 
optimum age for sexual, HO 
Meat 

and bone scrap. 292 
edible in hve-dressed and drawn birJs, 
637 

poultry, in the diet. 4 
saaps, 292 
spou in eggs. 70 

Mediterranean brecds^anJ class. -9 
Membrane, viiclline. “0 
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Membranes, shell, 70 
MenJelian inheritance. 81 
Mcndelian ratio, 82 
MendcUsm. 81 
Merchandising eggs, -U-l 
Mercurial oinunent, 352 
Metozoiies, 363 
Mesoderm, 132 
Meubolism, 257 
basal, 261 
calcium, 137 
catboh)draie, 258, 260 
embrj-o, 136 
energy losses in, 26l 
fat. 258, 260 
mineral, 258, 260 
protein, 258, 260 
use of ssater in, 2*15 
vitamins In, 25H, 260 
vascage in, 262 
Methods of feeding, 305 
Middlings, 286 
Milk. 290 
for faiteniog, 325 
forms of. 290 
proteins, value of, 290 
vitamins in, 633 
Millet, 631 
Milo, 288 

Mineral mixtures, 297 
Mineral requirements 
for egg production, 275 
for growth, 274 
for maintenance, 271 
Minerals, 250 

absorption of, 260 
in the body. 250 
in the egg, 5. 628 
essential, 250, 295 
meubolism of, 258, 260 
sources of, 295 
uses of, 250 
Minorca, 30 
Mites, 352 

depluming, 354 
feather, 353 
roost, 352 
scaly leg, 354 
Mitosis, 78 
Modifying genes, 86 
Moisture 

ia brooder houses, 181 
in egg rooms, 412 
in incubation, 163 
in laying houses. 214 


Molds, 367 

diseases caused bf, 367 
Molr. 95 

factors induencing, 321 
forong the, 321 
Molting and egg produnion, 95 
Molting hens 

requirements of, 321 
late ss, early, 95 
Mortality 

catties of, 332, 339 
embryo, 134 
of growing chicks, 331 
laying flock, 331 
Mouth parts, 53 
Muscular system, 52 
Mutation, S6 
Mycoses, 367 

Naked-neat. 37 
Navel mfcaion. 378 
Neck, 47 

Neciosii of the beak, 391 
Nervous system, 63 
Nests. 231 
(or hatching. 157 
number of, 231 
uap. 119. 231 
Net energy, 261 
Ne«cas(2e disease, 386 
New Hampshires, 29 
Nitfogeo (jf# Proteins) 

Nseevine sulphate 
for lice. 352 
for mites, 354 
(or roundworms, 359 
Non-broodincss. selection for. HI 
Noodling geese, 581 
Northern fowl mite, 353 
Nose, 56 
Nucleus, 75 
Nuuients, 245 

assimilation of, 259 
digesuon of, 257 
essential, 246 
sources of, 246 

Nutrition and disease control. 336 
Nuuitional disorders, 343 
Nutritional eccephalomalada, 343 
Nutritional roup, 344 
Nutritional paralysis, 345 
Nturitive ratio, 266 
Niitriuve requirements, 270 
for egg produaion, 275 
for fattening, 277 
fox growth, 271 
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Nutritive requirements — ( Continued) 
for hatchability, 276 
for maintenance, 270 
for molting hens, 275 
Nutritive value of feeds, 283 


Oats, 287 

Oil meal, linseed, 294 
Oil-treated eggs, 416 
Oils, fish, 299 
Omphalitis, 378 
Oocytes, 77 
Oriental class, 36 
Ornamental bantams, 36 
Ornithology, 3 
Orpington, 30 
Outbreeding, 100 
Ova, 68 

fertilization of, 68 
growth of, 68 
number of visible, 68 
Ovarian hormone, 65 
Ovary, 62 

cffea of removing, 65 
and pullorum disease, 369 
and tumors, 392 
Overaowding, effects of 
on chicks, 181 
on laying hens, 212 
Overheating, effects of on chicks, 180 
Ovidua, 62 
funnel of, 62 
isthmus of, 62 
prolapse of, 387 
rupture of, 387 
Ovulation, 68 

Oxygen requirements of embryo, 154 
Oyster shells, 296 


Packing dressed poultry, 460 
Packing plants, 422 
Palatability of feed, 265 
Panaeas, 55 
Panaeatic juice, 257 
Paralysis 
(ostl. 384 

inheritance of resistance to, 107 
nutritional or ouled toe, 345 
Parasites 
external, 350 
internal. 356 
Parath) rolds, 66 
Partridge, Hungarian, 615 
Pasture for poultry, 297 
Pathogenic, 332 


Pause, winter. 111 

Peafowl, 585 

Peanut oil meal, 295 

Pedigree, seleaioo on basis of, 96 

Pekin, 570 

Pellets, 310 

Pelvic bones, and egg laying, 92 
Pen 

fattening, 324 
mating, 101 
Penciled plumage. 25 
Pepper, pimiento, and yolk color, 410 
Pepsin, 55 
Peptones, 258 
Perches, 230 

Perfection, Standard of, 23 
Performance records. 96 
Period, incubation, 131 
Periodicals, list of. 624 
Perosis, 349 

Persistency in production 
inheritance of, 1 1 1 
and late molting, 95 
Pharynx, 56 
Pheasants, 676 
Phenotype ratio, 83 
Phosphorus, 250 

ratio to calcium, 274 ^ 

requirements for egg pfoduaion, 275 
for growth, 274 
Physiologiol charaaers, 75 
Physiology of egg formation. 68 
Piling machines, 457 
"Pick outs,” 387 
Pigeon-pox vaccine, 381 
Pigeons, 582 

selecting for breeders, 583 
Pigment 

in egg shell, 70 
in feathers, 48 
in shanks, 47 
in skin, 47 

in yolk, 322 

Pigmentation 

and egg produaioo. 94 
and feeding. 95 

time faaor in. 94 , , .,n 

Pimiento peppef and yolk color. 410 
Pineal gland. 63 
Pituitary gland, 66 

Plasma. 59 
Plucking 
dry. 454 
hard-scald. 451 
semi-scald, 454 
wax, 455 
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Plumage 

color, inheritance of, 85 
dominant white, 84 
recessive white, 84 
sex'linked barring, 85 
Plumba, 440 
Plymouth Rocks, 24 
Pneumonia, brooder, 367 
Poisoning, 350 
Polar bodies, 77 
Polish class, 34 
Polyneuritis, 344 
Potassium, 251 
Potassium permanganate, 167 
Potatoes, 289 
Poultry 

barrel packed, 460 
box packed, 460 
canned, 467 

costs of marketing, 442 
aates, 436 
dra«n, 463. 464 
cold storage of, 463, 465 
consumer preference for, 469 
edible proportion of, 637 
freezing of, 463 
preserving quality in, 463 
dressed, 449 

classes and grades, 438, 441 
cold storage of, 463, 465 
composition of, 637 
(oosumption of, 4 
containers for, 460 
cooling of, 463 

deterioration of quality m, 463 

edible proportion of, 637 

freezing, 463 

judging, 42 

auxkecing, 449 

oven dressed, 463 

packing, 460 

preserving quality in, 463 
teftigetation of, 463 
seasonal production of, 435 
shipping, 460 

U. S standards and glades lor, 460 
edible percentages in, 637 
evisceration of, 463-464 
farming, 3 
fattening, 324, 443 
-feed price ratio, 477 
feeding ptaaice, 283 
feeding ptinaples, 245 
frozen, 463 

hard-scald plucking, 451 
income from, by states, 13 


Poultry — (Continued) 
killing and dressing, 451 
losses in, 5 
live, 437 
cars for, 437 

and grades for, 438, 440 
costs of marketing, 442 
crates for, 436 
demand for, 439 
grading, 441 

methods of marketing, 439 
uucks for, 437 

marketing problems, 18, 399, 435 
meat 

asmpositlon, 628 
consumption of, per capita, 4 
in the diet, 4 , 

quality of, iaBuencsd by feeding, 326 
produaion of 
geographical, 10 
relative importance of, 5 
products, composition of, 628 
quick-frozen, 463 
raising, a farm industry, 3 
sale of cuts, 470 
semi-scald plucking, 455 
smoked, 467 
wax pluclciog, 455 
Poultry industry, 3 
development of, 7 
disuibutioD of, 10 
relative value of, 5 
shifts in, 9 
Poultry manure, 262 
Poultry science, 3 
Poults 

tearing, 543 
selling, 537 
Powder, dusting, 351 
Pox. fowl, 379 
Prairie chicken, 6l5 
Predatory animals, 544 
Pteen gland, 46 
Preserviog quality 
in dressed poultry, 463 
in eggs, 411 

Ptunaiies, molting of, 98 
Pcimltive streak, 130 
Production (see Chicks, Eggs, etc.) 
Profit (see Economics) 

Progeny 

breeding record, 98 
seleaion on basis of, 98 
tested breeding males, 98 
testing lor egg pioductioOt 98 
Prolapse, 387 
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Propagation, natural 

of Oiuckar partridge, 613 
of pheasants, 602 
of quails, 592 
of r^ed grouse, 6l4 
of wild turkeys, 610 
Protein, 249 
amino acids in, 250 
biological value of, 290 
crude, 250 
digestion of, 258 
fate of excess, 260 
function of, 249 
gtains deficient in, 283 
heating effea of, 261 
incomplete utiliaation of, 263 
lo-el in the ration, 271 
metabolism of, 258, 259, 260 
nature and uses of, 249 
and rate of growth, 269 
requirements 

for egg production, 275 
for growth, 273 
for maintenance, 270 
specific dynamic effect of, 261 
supplements, 289 
animal. 289 

for egg production, 275 
for growth, 273 
relative value of, 290 
vegetable, 289 
Pfoioioa, 364 
Protozoal diseases, 364 
Proventriculus, 53 
Psittacosis, 386 

Pubic bones and egg laying, 92 
Pullets, cost of produaion, 489 
Pullorum disease, 368 

and incubator fumigation, 167, 370 
inheritance of resistance to, 106 
testing for, 370 
testing stages, II6 
Pulse rate. 58 
Pygosqle, 50 

QuaiU 590 
Quality 

in dressed poultry, 456 
in eggs, 402 

measuring of, in eggs, 406. 421 
preserving, in eggs, 411. 4l6 
Standard bred, 24 
Quiraniine. 337 
Quick freciing. 463 
Quill, 43 


Rachis, 48 

Radiation, ultra-violet, 254, 303 
Range 

for chicks, 192, 194 
for ducks, 573 
for game birds, 618 
importance of clean, 335 
for layers, 240 
shelters, 195 
for turkeys, 544 
Rape, 302 

Rate of growth, 267 

influence of feed consumption on, 
influence of protein on, 269 
inheritance of, lOS 
Rate of laying, inheritance of, 110 
Ration 

balanced. 270, 278, 304 
cost of, 303, 526 
formulating a, 303 
Ratiottt fot 
broilers, 315 
ducks. 575 
egg produaion, 517 
fattening, 524 
game birds, 608 
geese. 581 
hatchability, 322 
pheasants. 60S 
pigeons, 583 
turkeys. 552, 553 
Recessive charaaers. 85 
Rectum, or large intestine, 55 
Red Op. 32 
Red dog flour. 286 
Red Junglcfowl. 21 
References on 

anatomy of the fowl, 72 
, breeding. 87, 127 
brooding, 210 
diseases. 393 
ducks and geese, 587 
ecB formation. 72 
feeding. 279. 327 

game-bird management, 620 
housing. 212 
incubation, 174 
marketing eggs, 
marketing poultr)-. 4 - 
physiology. 72 

poultry farm management. 3U5 
rearing. 210 
ttruciute of the fowl. 
turkey produaion. 533. 566 

Refrigcraiion 

of dressed poultry, 463 


268 
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Refrigeration — {Continued) 
of eggs, 411 
and freezer burn, 466 
Refrigerator car, 423 
Refuse, hatchery, 293 
Regulatory system, 64 
Relative humidity, 151 
in brooding, 181, 198 
in egg rooms, 412 
in incubation, 163 
in laying house, 214 
Replacement of ffodc, 487 
Reproduction 

hereditary basis of, 75 
physiology of, 68 
Reproduaive cells 
female, 76 
male, 76 

Reproduaive system 
of female, 61 
of male, 61 

Resisunce, inheriunce of 
to fovtl typhoid, 106 
to paralysis, 106 
to pullorum disease, 106 
Respirarion 

itt the embryo, 131 
ia the fowl, 57 
Respiratory system, 55 
Rh^e Island Red, 27 
Rhode Island ^^ite, 29 
Riboflavin, 255 
Rice, 283 
Rldrets, 348 
Roasters, 438 

edible flesh in, 638 
Rock phosphate, 296 
Roofs 

materials for, 225 

style of, 219 

Roosting, training chicks early, 193 
Roosting space, per bird, 230 
Roosts 

for chidcens, 230 

for ni/teyr, 526 
Rose chafer poisoning, 350 
Ro'e comb, transmission of, 82 
Roundworms, 356 
Roup 

nutritional, 344 

ocular, 377 
Ruffed grouse, 614 
Runner duck, 571 
Rye. 288 

Sack, hatching, 133 


Saddle feathers, 27 
Sage hen, 61 S 
Saliva, 53. 257 

Salmonella infectious, 368, 372 
Salt (sodium chloride), 296 
Saoiution, 33$ 
brooder house, 185 
feeding station, 444 
incubator, 167, 370 
hatchery, 167 
laying house, 239 
range, 193, 543 
Sarcoma (see Tumors) 

Sardine oil, 299 
Scalding poultry, 451 
Score card 

for standard judging, 40 
for turkeys, 530 
Screenings, 288 
Seasonal disutbutioo 

of broiler produoion. 43$ 
of egg production, 401 
of turkey production, 553 
Seasonal vanacion ia egg prices, 424 
Secondaries, molting of, 98 
Secondary sex characters, 6$ 

Sections of the fowl. 27, 47 
Selection on basis of 
body size, 89 
body type, 89 
early maturity, 110 
egg records, 110 
egg size, 114 
head type, 9l 
pedigree, 98 
pigmentation, 94 
progeny test, 98 
sib records, 97 

Selenium, toxic effects of, 144 
Semi-scald plucking, 455 
Sense organs, 64 
Separate hatcher, 159 
Serum, 59, 370 
Sex 

chromosomes, 79 
hormones, 65 
tnhetitance, 80 
linkage, 80 
organs of female, 61 
Organs of male, 61 
reversal, 65 
ratio, 79 
Sexes 

differences in growth of, 272 
separating, 192 
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Sexing baby chicks, 169 
by physical examination, 169 
by rate of feathering, 80 
by sex-linkage of down color, 81 
Sex*Iinked 
crosses, 81 
inheritance, 80 
Sexual maturity, 110 
inheriunce of, 85 
Shade, importance of, 2l6 
Shaft of feather, 48 
Shank color 

inheritance of, 85 
in relation to egg production, 94 
Shell, egg, 70, 140, 321, 410 
bloom of, 70 

breaking strength of, 410 
color preference for, 426 
composition of, 70 
cutide, 70 
formation, 70 
membranes, 70 
pipping of, 134 
porosity, 140 
texture, 140 
treatment of, 416 
uses of, 7 

Shelters, range, 195, 543 
Shipping crates, 
for dressed poultry. 460 
for eggs, 422 
hatching. 165 
market, 422 

for live poultry, cars for, 436 
by rail, 423 
by iru^, 436 
for turkc)-s, 559 
Shoru, s^heat, 286 
Shrimp, meal, 629 
Sibs, 97 
Sickles, 27 
Side sprigs, 43 
Silage, 299 

Single comb, inheritance of, 85 
Sire, 121 

Skeleton of fowl, 50 
Skim milk, 291 
Skin. 46 
Skin color 
by breeds, 626 
inheriunce of, 85 
Slack scalding, 454 
Slate, 510 

Slipt^ tendon, 319 

Shps. 20-1 

Slow feathering, inheriunce of, lOS 


Smoked poultry, 467 
Sexlium, 251 

Sodium chloride (salt), 296 
Sodium fluoride, used for Hce, 351 
Sodium hydroxide 
as a disinfectant, 336 
Soil . . 

contaminated, and disease, 334 
drainage, 216 
Somauc cells, 75 
Sorghum, 288 
Soup, chicken, 7 
Soybean 
hay, 298 
oil meal, 293 
Space, floor 
(or chicks, 181 
for ducks, 573 
for laying hens, 212 
for poults, 541 

Spanish, 'White-faced Black, 30 

Specialization in poultry farming, 9 

Spermatozoa, 61 

Spinal cord, 63 

Spirochetosis, 366 

Spleen, 55 

Sporozoites, 365 

Sprouted grains, 287 

Spurs, 27 

Stags. 438 

Stained antigen test. 370 
Standard . . 

classes, breeds, and varieties, 
classification of breeds. 24 
weights for. 42, 626 
egg case, 423 

of perfection, 23 , . , oi 

Siandard-bred quality, selcaing for, 91 
Standards 

for dressing poultry, 450 
for eggs. 421 
for live poultry, 440 
Starch. 247 

Sutc colleges of agriculture. 623 
Sutes. leading poultry. 12 
Sterility. 102 
Sternum, 51 

Sterols. 249 

Siictnghi flea. 355 

SiidtJ- cmbijo. inheiiiancc ol. to 

S egg. and rouliO' <», Cold 
Storage) 

Sioses, 182 
Strain, 24. 107 
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Structures of the 
chicken, 47 
drculatoxy system, 57 
digestise system, 53 
egg, 70, 406 
embryo, 129 
feather, 48 
muscular system, 52 
nervous system, 63 
reproducuve system, 61 
respiratory system, 55 
skeleul system, 50 
urinary system, 60 
Stubs, 42 
Stud mAtiog, 102 
Sugars, 247 

Sulfa drugs. 366. 372, 377 

Sulphur, 250 

Sunlight 

and growth. 302 
and hatchabllity, 302 
Sun porch, 194 
Supplements, feed 
animal protein, 289 
mineral, 295 
regeuble protein, 289 
vitamin, 297 
Sussex, 32 
Swans, 657 
Syrinx, 56 

System * 

utculatory. 57 
digestive, 53 
muscular, 52 
□etrous, 63 
regulatory, 64 
reproductive, 61 
respiratory, 55 
skeleul, 50 
uninaiy, 60 

Tail, carriage 
squirrel, 43 
wry, 43 
Tankage, 293 
Tapeworms, 362 
Temperature 
brooding, 180 
cold jrorage 

for dressed poultry, 463 
for eggs. 411 
critical, 262 
and egg size, 114 
of the fowl, 46 
for holding eggs, 41 1 
for incubation, 148 


Temperature — ( Continu ed ) 
for bying houses, 214 
for quick freezing, 463 
Terminology, 332 
Test 

stained antigen (wrhole blood), 370 
suodard 370 
Testes, 61 

effect of removing (caponizing), 65 
Testing 

progeny, 113 

for pullomm disease, 370 
for purity of characters, 85 
Tetrachlotethylene, 358 
Thermostabilizatioa, 418 
Thiamin, 253 
Thrush. 368 
Thymus, 66 
Thyroids, 66 
Tibia, 51 
Tide, fowl, 355 

Tobacco, for roundworm control, 359 

Tongue, 53 

Tonic, 302 

Toulouse, 579 

Toxin, 332 

Trachea, 56 

Traa 

digetive, 53 
feather, 47 

Transmission of characters, 78 
Trap-nesting, 119 
Trap-nests, 232 
Tr^eitis. 381 
Tremor, epidemic, 386 
Trichomoniasis, 367 
Tracti, poalUf, 437 
Trypsin, 55 
Tryptophane, 250 
Tuberculosis, 375 
Tumors, 392 
Turkeys 

bre^'ng, 507 
breeds, 507 
brooding, 537 
diseases of, 561 
feeding. 521. 545 
bousing, 520 
Mging, 530 
incubation of, 534 
marketing. 553 

selecting for breeding. 510, 514 
wild. G09 

Turning eggs, 155. 163, 537 . 

Type, selection on basis of body, 91 
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Type characteristia 
of breeds, 24, 626 
for egg production, 93 
Typhoid, fowl, 372 

Ultraviolet 

irradiation, 254 
light, 303 
, Ureters, 60 
Uric acid excretion, 263 
Urinary system, 60 
Urine, 61, 263 
U. S. 

dressed poultry standards, 456 
egg standards, 421 
live poultry standards, 492 
paformance tested, ll6 
poultry improvement plan, 115 
breeding stages, 116 
pullomm conaol stages, 116 
record of performance, 116 
Uses of 
eggs, 8 
poultry, 4 
by-ptoducts, 7 
Uterus, 70 

Vaednation 

for bronchitis, 382 
for fowl pox, 380 
Vaedne, 332 
Vagina, 62 
Vane, 49 

Varieties of breeds, 24, 626 
Variety, choosing a, 38 
Vas deferens, 6l 

Vegetable protein supplements, 289 
Vent, 55 

and laying condition, 93 
and pigmentation, 94 
Vent gleet, 392 
Ventilation 

of brooder houses, 180 
of brooder rooms, 198 
of chick boxes, 171 
of incubators, 161 
of laying houses, 213, 238 
of laying cage rooms, 241 
Viability («# Livability) 

Vigor, seleaing for, 90 
Virulence, 333 
Virus diseases. 379 
Vituses, 332 

egg propagation ot, /, 

Vitamin A, 252 
and carotene. 252 


Vitamin A — {Continued) 
in €gg yolk, 5, 322 
requirements for 

egg production, 276 
growth, 274 
batchability, 276 
sources, 252, 633 
unit, 253 
Vitamin B,, 253 

requirements for 

egg production, 278 
growth, 278 
sources, 253, 548 
unit, 253 

Vitamin B, {see Vitamin G) 
Vitamin B,i, 256 
Vitamin C 254 
Vitamin D, 254 
ID the egg, 5, 322 

requirements for 

egg production, 278 
growth, 278 
hatebability, 278 
poults, 547 

sources, 254, 299, 633 
units, 254 
Vitamin E, 255 
Vitamin G, 255 
in the egg, 5, 322 

requirements for 

egg production, 278 
growth, 278 
batchability, 278 
poults. 547 

sour^> 255, 548, 633 
unit, 255 
Vitamin K, 256 

Vitamin requirements, summary ot, 
Vitamins 

in cc.es, 5, 322 
metabolism of, 258, 259, 260 
nature and uses of, 231 
sources of, 246, 297, 548 
Vitelline membrane, 63 
Voice 

of the fowl, 56 
syrinx and, 56 

Wastage in meubohsm, 262 
Water. 245 
in eggs. 628 
in fowl’s body. 623 
function of, 245 

Watering equipment 
for chicks. 192 
for Laying hens, 235 
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Waieifowl, 6l6 

Wanles, 27, 46 
edema of, 391 
frozen, 390 
Wax plucking, 455 
Waxes, 249. 455 
Web, 48 

Weights, standard body, 626 
Wet mash feeding, 309 
Wheat, 285 
bran, 286 
middlings, 286 
screenings, 286 
shorts, 286 
Whey, 300 
Whitewash, 336 
White American, 29 
White-faced Bia^ Spanish, 30 
White Holland, 508 
White Leghorn, 30 
White plumage 
dominance, 85 
Wild turkey, 609 
Wind damper, 182 
Windows 

glass substitutes in, 303 
location of, 215 
and sunlight, 302 
and ventilation, 233 
Wing 

disquaU&cations, 53 
feathers, 27, 98 
molting of, 98 

Winter pause m egg production, 111 
Wire saeens 
for floor, 194 
for pens, 670, 671, 194 


Worms, 356 
capillaria, 360 
cecal, 359 
eje, 361 
gape, 361 
large round, 356 
tape, 362 
Wyandotte, 24 

Xanthoph) 11 
in feeds, 322 
in the fowl, 95 
Xerophthalmia, 252 

Yarding 

for chicks. 192. 195 
for ducks, 573 
for geese, 581 
for laying bens, 240 
for turkeys, 543 
Yards, 240 
Yeast, 301 
Yellow catrou, 301 
Yokohama, 36 
Yolk, 68 

absorpuoQ of, 137 

color. Influence of feeds on, 322, 410 

composition of. 406, 637 

dried, 4 1 7 

formation of, 68 

frozen, 417 

index, 407 

light and dark, 4l0 

sac, 68 

structure of, 68 
vitelline membrane of, 68 

Zoology, 3 
Zygote, 79 



